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Cyclohexanone, the central component of the compound 2-methyl-2-methylacrylyl-
cyclohexanone-(l,5)-diaxaspiro mononeopentyl (see figure on page 2), serves as a solvent for oil 
in piston type aircraft and in natural and vinyl resins. It is used in the production of crude rubber, 
waxes, fats, shellac and DDT and other pesticides. Cyclohexanone also is a part of the 
production of adipic acid, which is used to prepare nylon and is used to prepare cyclohexanone 
resins via condensation to enhance the adhesive properties of products like floor paints. 
Cyclohexanones are among the most accessible hydroaromatic derivatives and serve as 
the initial materials for the preparation of other compounds. Consequently, their preparation and 
properties have been extensively studied. The purpose of determining the crystal structure of 2-
methyl-2-methylacrylyl-cyclohexanone-(l,5)-diaxaspiro mononeopentyl is to determine the 
influence of the spiro group on the cyclohexanone conformation and the positions (equatorial or 
axial) of the methyl and acrylyl groups. 
Preparation 
Cyclohexanones and subsequent derivatives can be prepared by various methods 
including the catalytic hydrogenation of phenols and dialkylanilines and the reduction of phenols 
with lithium dissolved in low-molecular weight amines. They are also prepared by the oxidation 
C C c c o. 
o c 
(Fig. 1) Line drawing of the molecule under study 
with alkaline permanganate or chromic acid or the catalytic (Cu or Ni) dehydrogenation of 
cyclohexanols or the oxidation of cyclohexene by reaction with palladium chloride in an aqueous 
acid. 
Properties 
Cyclohexanones are most analogous to the aliphatic ketones. They are 
hydroaromatic ketones. They exist as oils, which have a peppermint-like odor, 
and with their homologues in heavy acetone oils. 
Structural Considerations 
Substitution of cyclohexanone usually occurs at the 2-methylene groups vicinal to the 
carbonyl. The most stable conformation (out of boat, twist, chair or twist-boat or twist-chair) is 
usually the form with the greatest number of substituents in the equatorial positions. The 
carbonyl oxygen often eclipses the equatorial substituent in the 2 position. The carbonyl on the 
cyclohexane structure increases ring flatness and flexibility, but the ring maintains the more 
stable chair conformation. 
the simplest of 
in wood spirits 
CHAPTER II 
THEORY OF X-RAY DIFFRACTION 
X-ray Diffraction 
In 1912, Max von Laue discovered that crystals diffract X-rays, proving the wave 
character of X-rays; no one had characterized their nature since Roentgen's discovery of X-rays 
in 1895. X-rays lie in the electromagnetic spectrum between ultraviolet light and gamma 
radiation. The wavelengths of X-rays are about 1.5 to 0.5 A, which is of the order of atom 
diameters and, consequently, distances between atoms. The source of the X-rays for diffraction 
is a rotating anode of copper or molybdenum struck by electrons with energies of 50 keV 
accelerated by an electron field. 99.3% of the electrons striking the anode produce heat. The 
anode rotates to disperse this heat. Copper and molybdenum are used because metals with 
higher atomic numbers have higher scattering powers. 
The collisions slow the electrons to produce a continuum of white radiation, which is broad-
spectrum radiation. A part of the monochromated X-rays passing through the analyte crystals is 
diffracted (scattered in a forward direction by the atoms) into a detector that gives an image of 
the diffraction spots. A large number of these images recorded from different crystal 
orientations are processed into a final list of indexed reflection intensities. The X-rays are 
diffracted by the crystal at a certain angle. If the wavelength and diffraction angle is known, the 
interatomic distance, d, can be determined by this modification of the Bragg equation 
(>.=2dsin9): 
d=l/2(7tsin0) 
If the resolution of the image of the diffraction spots is large, d can be indistinguishable from the 
background. Lower resolution, larger 9 and lower d gives the diffraction image with the detail. 
Crystal Systems 
A crystal consists of a periodic arrangement of a unit cell, which contains the asymmetric 
unit (the atom, molecule, etc. that is the structural motif) and its equivalents generated by 
symmetry. The unit cell is a volume element that may contain the entire repeating motif or parts 
of several (occurring at the comers or faces of the parallelepiped that is the unit cell). The unit 
cells builds a 3-dimensional lattice. The lengths of the unit cell edges are a, b, and c, and the 
angle between b and cis a, the angle between a and c is p, and one between a and b is y. If one 
knows the unit cell, the structure can be determined. It is important to choose a primitive unit 
cell (one having lattice points only at the comers which gives the equivalent of one lattice point 
per unit cell). 
Symmetry occurs from rotation or reflection. Rotation about an axis is indicated as an n-
fold if rotating 360°/n gives and arrangement equivalent to the initial one present. Planes of 
symmetry, or mirror planes, exist such that every part on one side is related to the other as if 
reflected. An inversion center occurs where a plane of symmetry intersects an axis of rotation 
creating a center of symmetry. A combination of a rotation axis and an inversion center creates a 
rotary inversion axis. The seven primitive crystal lattice systems are designated are shown in the 
following table. The «-fold is designated by an integer; either 1-, 2-, 3-, 4-, or 6-fold axes can 
occur in normal crystals. The letter m indicates the mirror plane and a bar over an integer 
indicates a rotary inversion axis or center. 

























a = b = c\ a = P = y# 90° 
a = b = c; a = p = 90°; y=120° 
a = b = c; a = P = 90°; y=120° 
a = b = c; a = fi=y = 90° 
a * b *c ; a ^ P * y 
a * b * c; a = y= 90°; P>90° 
a^6^c;a = P= y = 90° 









These seven primitive lattices are designated by a P placed before the symmetry symbol. Bravais 
discovered seven more nonprimitive lattices that contain two or more lattice points per unit cell. 
They are viewed as combination of a primitive lattice with one or more offset copies of itself. 
The letters A, B, or C precede the symmetry symbol for face-centered cells, I for body-centered 
cells, and F for cells with all faces with centered lattice points. 
Crystals are then classified by the group of symmetry operations relating their faces. 
These point groups represent the unique combinations of the symmetry elements found in the 
primitive lattice systems. The faces represent the planes that define the solid figure of the crystal. 
There are 32 unique point groups divided among the seven crystal systems. The faces that 
develop from crystal growth are a direct result of the arrangement of the asymmetric unit and 
ideally conform to one of the 32 point groups. 
Combining the 32 point groups with the 14 Bravais lattices leads to the 230 unique space 
groups that describe the only ways that identical object can be arranged in an infinite lattice. The 
additional symmetry elements in space groups combine translation along an axis wnth rotation or 
reflection. Combining a rotary axis and a translation produces a screw axis. Combining a 
translation and a mirror plane produces a glide plane. A space group designation includes the 
capital letter indicating the lattice type followed by the point group symbols with rotation and 
reflection symmetry elements extended to indicate screw axes and glide planes. The space group 
for 2-methyl-2-methylacrylyl-cyclohexanone-(l,5)-diaxaspiro mononeopentyl is P2i/c indicates 
a primitive unit cell with a 2-fold screw axis translated 1/2 of the unit translation with a glide 
plane parallel to the c-axis. If the space group is known, calculations are reduced because 
symmetry reduces the number of reflections that must be collected. 
Reciprocal Lattice 
The reciprocal lattice has dimensions that are reciprocal to the original cell and 
correspond to the positions of the reflections. The size of the reciprocal lattice indicates the 
intensity of the reflection and corresponds to the contents of the unit cell. Each point of the 
reciprocal lattice corresponds to the diffraction from a periodic set of specific crystal lattice 
planes defined by the index triple hkl. The relationship between the direct and reciprocal lattices 
depends on the angles between the axes in the direct lattice. The axes in the reciprocal lattice are 
designated a*, b*, and c* and the angles are a*, P*, and y*. The relationship between the direct 
and reciprocal lattice in a general oblique system is 
a*= be sin a 
V 
a = b*c* sin a V-l / V* 
y* 
b*- ac sin [3 b = a*c* sin (3 
V y* 
c*= ab sin y c = a*c* sin y . 
V y* 
In an orthorhombic system the relationship is simplified to 
a = l / a* b = l / b* c = l / c* a = P = y = a* = p* = y*= 90° 
V* = 1 / V=a*b*c* V=l I V* =abc. 
The vector \(hkl) is from the origin to the lattice point (h, k, 1). 
Scattering Factors 
When the incoming rays are scattered forward, the scattering power will depend on the 
number electrons in the particular atom. For neutrons of the same wavelength, the scattering 
factor is not angle determined because the atomic nucleus is odors of magnitude smaller than the 
electron cloud. The scattering power of an atom will decrease with the scattering angle and 
increase for heavier atoms as shown by a plot of scattering factor / in units of electrons vs. 
O 
sin 0 I X .  For 0 = 0,/ equals the number of electrons. The scattering factor for an atom i  at any 
scattering angle is 4 2 
/°(sin 0/ X) = Yard""*"1' + c. 
i=7 
However, the scattering factor contains additional complex contributions from anomalous 
dispersion. If the frequency of the incident beam falls near the natural frequency of some atom 
type, an anomalous phase change occurs on the scattering by atom of that type. Their 
contributions can be computed and used to determine phases. The scattering factors become 
/=/°+/'+l f" 
where f  is a real correction term and f "  is the imaginary term. 
There is a positive 90° phase shift between the real and imaginary components of the 
corrected scattering factor. The temperature, B-, or Debye-Waller factor also weakens the 
scattering power of atoms. The magnitude of the perpetual vibrations of atoms about their 
resting points generally increases with temperature. This thermal motion spreads electron clouds 
over larger volumes and causes a steeper attenuation in the scattering power of a real atom 
relative to an ideal stationary one. This exponential factor corrects the structure factor as 
follows: 
where B=S~ (u) , (u) is the mean displacement of a vibrating atom. 
Isotropic average displacement assumes all atoms are vibrating with the same amplitude 
and the motions are symmetric. Anisotropic (hydrogen) displacement does not assume 
symmetric spherical motion and the single thermal parameter is replaced by six of them that 
describe the size and orientation of the vibration ellipsoid. 
Structure Factors 
The individual atomic scattering factors (/j) are used to calculate the structure factors: 
atoms 
F(h,k,i)=X /j exp[ 2tl i (hxa)+ kya)+ lza))] j=i 
which is directly related to the intensity, I hki, of the reflection indexed hki: 
I/tki-1 Fhki I 2 " Lp • A . 
Lp is the geometry (Lorenz) and polarization factor dependent on the experimental setup and 
accounted for early in data processing. A is an optical absorption correction factor. F cannot be 
calculated from the intensity, only its scalar magnitude. Because only diffraction magnitudes are 
collected, not their phases (which contain the bulk of the structural information), solving the 
phase problem becomes the major challenge of structure solutions. 
Fourier Transforms 
The structure factors can be used as Fourier coefficients in a Fourier synthesis 
(summation) to generate electron densities: 
P(x,y,z)=l/^SSS F(h>k>1) exp [-271 i (hx + ky + lz)]. 
h k I 
The extent to which the diffraction pattern is observed causes real limitations (completion 
requires summation from negative to positive infinity). The synthesis is approximate and may 
show truncating affects. This equation indicates that the electron density is the Fourier 
transform of the structure factors. A Fourier transform is a representation of a function in terms 
of a set of sine waves. The set of different frequencies is orthogonal, and any continuous 
function can be represented by summing enough sine waves of the appropriate frequency 
amplitude and phase. After determining the atomic scattering factors and using a structure 
solution to determine the phase angle of the reflections, the structure factors can be calculated 





The first component of the X-ray diffraction experimental setup is the X-ray tube, which 
consists of an electron source and metal anode that emits X-rays. The less expensive, more 
common hot cathode tube has electrons liberated from a heated filament and accelerated through 
a high potential towards the anode target. These permanently sealed have 5,000-10,000 hour 
working lives but tend to become "dirty' and emit spurious radiation with area and are restricted 
to a single anode material. Rotary anode tubes are expensive, complicated, and difficult to 
maintain but are considered relatively trouble-free in terms of data quality and are commonly 
used. This tube can sustain 10 or more times the power of one with stationary anodes. 
The primary X-ray beam is focused to a single wavelength by focusing a mirror a crystal 
monochromator and passed through a collimator, which makes the paths of radiation parallel. 
The collimated X-rays pass through a crystal mounted on a four-circle goniometer, which 
consists of a pin to hold the crystal on the goniometer head and some variant of the four-circle 
diffractometer. These arcs (circles) are the crystal orienter, which contains the phi (<j>) and chi 
(x) circles and the base containing the omega (©) and two-theta (20) circles. The arcs are used to 
adjust the crystal and counter (detector) orientation to collect desired planes of reflection. 
The diffracted X-rays are recorded by a detector or precision camera that maps one reciprocal 
lattice level onto one sheet of film from which the angles and distances can be measured and data 
can be indexed. 
Structure Determination 
The raw intensity data is imputed into a structured determination program to be reduced. 
Absorption corrections may be complex and are made least often. These rigorous calculations 
involve determining the absorption for the path length through the crystal by the beam reflecting 
from each tiny part of the crystal and integrating over the entire volume of the crystal. 
Molybdenum radiation generally renders these corrections less significant, but determining the 
effect of the rays traversing the minimum and maximum crystal dimensions can estimate the 
magnitude of the problem. Crystal decay is shown when standard reflections are measured 
repeatedly at regular intervals. This decay is generally random, due mostly to radiation damage, 
and differs considerably among reflections. To minimize errors from large and random 
fluctuations in decay approximations, the crystal is often "cryo-cooled" or flash-cooled to 
cryogenic temperatures which also reduces the overall temperature factor. 
The relationship between observed structure factors and the experimentally observed 
intensities is expressed by 
|F„,|=(KWLp)"2 
The variable p is the polarization factor given by 
P= 1 + K cos2 29 
1 +K 
when using a crystal monochromator. The Lorentz factor, L, depends on the precision of the 
measurement technique and is given by 
L= sin 0 
sin 20( sin2 0-sin2 0)1/2 
The term k depends on crystal size, beam intensity, and some fundamental constants. The 
polarization term occurs because the X-ray beam is initially unpolarized and the reflection 
efficiency varies with the reflection angle. The Lorentz factor comes from the time required for 
a point to pass through a sphere of reflection which varies with its position in reciprocal space 
and the direction with which it approaches the sphere. 
The average observed intensity with Lorentz and polarization effects is 
and for a unit cell that has N atoms, the theoretical average intensity is 
I«bS=Z/,2 
f=l 
It depends on cell constants. Normal organic crystals generally provide -100-150 unique 
reflections per nonhydrogen atom (xlO for molybdenum radiation), and 4 or 5 reflections are 
taken for each adjustable parameter. The reflections are averaged to reduce the data set. The 
data are weighted at various stages in terms of their estimated reliability and the degree to which 
they differ from those predicted by the current model. 
The phases of the reflections are determined from the reduced data set. Direct methods 
include inequalities from the combination of structure factor expressions and certain classical 
inequalities. Structure invariants, phase combinations that do not change with arbitrary 
assignment of cell origins, and semi-invariants, which do not change with shifts in origin have a 
symmetry that can be used to determine phases. Other direct methods include the multiple 
tangent solution and centrosymmetric and noncentrosymmetric probability methods. The 
indirect Patterson method was the major method of the past. It involves locating a heavy atom 
by using a map form the square of the structure factor magnitudes to find interatomic vectors. 
Heavy atom peaks stand out sharply against the background of lighter atom vectors due to 
weighting. The trial structure is refined by a Fourier synthesis, locating hydrogen atoms, and 
least squares (the refinement of assumed structure factors vs. observed). 
My Experimental Data 
My experiment used an Enraf-Nonius CAD4 difffactometer with molybdenum radiation 
with a wavelength of 0.71073 A and a graphite crystal monochromator. Additional experimental 
data is given by the output on the following pages processed by the Frenz Personal Structure 
Determination Program (SDP) on a 386sx/16 computer. Twenty-five (25) reflections were taken 
for cell measurements in the theta (0) range of 4-20° at a temperature of 293 K. the crystal color 
was transparent; its shape was rectangular, and it measured 0.35 mm x 0.28 mm x 0.12 mm. The 
density calculated from independent measurements was 1.25 g/cm3. The formula weight of the 
compound (C16H24O5) is 296.36 g/mol. The crystal was monoclinic and the space group was 
P2[/c. There were four (4) formula units per unit cell. The unit cell had dimensions of 13.049A 
for a, 10.411 A for b, and 12.317 A for c. The a,p. And y angles were 90.0°, 105.5°, and 90.0°, 
respectively. 3244 reflections were measured by the omega (to) method at a rate of 1-10/min.; 
3009 were unique. The symmetry of the reciprocal lattice causes reflections with related indices 
to have the same intensities, and only one member of the set needs to be measured—the unique 
data set. Three (3) standard reflections were monitored every 100 reflections to observe intensity 
decay or movement of the crystal. The variations in the intensities can indicate working 
precision, systematic errors in the equipment, or crystal changes. If the changes are relatively 
small (<20% of the total intensity), accuracy can be obtained by using the standard reflections to 
define a normalization curve to give reflections measured at different times a common basis. 
The cell was refined by the least squares method. Lorentz and polarization corrections 
were applied along with a secondary extinction correction to reduce the data. No absorption 
correction was made. The structure was solved by the semi-invariant representation (SIR) 
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CHAPTER IV 
RESULTS 
1701 reflections were refined by 190 parameters using the full-matrix least-squares 
method to converge with an unweighted agreement factoifi?) of 0.055 (5.5%) and a weighted 
agreement factor (wR) of 0.071 (7.1%). The agreement factor including unobserved data was 
0.168 (16.8%). The largest shift in conversion was 1.02. The cyclohexanone ring is in a chair 
conformation. The methyl group is in the axial position, and the acrylyl group is equatorial. The 
dihedral angle between the two mean ring planes is 73°. The spiro carbon is surrounded bond 
angles from 104.8-113.0° indicating that it is tetrahedraL The highest peak in the final difference 
Fourier map had a height of 0.66 e/A with an estimated error of 0.11. Graphs ofw(|  Fol -  I Fcl),  
reflection order in data collection, sin Q/X, and other indices showed no unusual trends. The 
maximum sin Q/X was 0.5941. The maximum Fo was 225.42 with a scale factor of0.2503. The 
estimated standard deviation of the observation of unit weight was 0.79. The linear absorption 
coefficient (p) was 0.06 mm The density calculated from the formula unit cell was 1.22 g/cm3. 
The observed intensity (crystal) decay was <5%. The following tables give positional 
parameters and their estimated standard deviations, general anisotropic displacement parameter 
expressions (B's and U's), torsion angles in degrees, and statistics based on data collection order 
and magnitude of Fo Tables of structure factors, hydrogen atom coordinates, and bond 
distance and angles involving hydrogen atoms are also supplied. There are plots of parity 
groups, weighting scheme analysis, magnitude of Fo and statistics based on indices. 
Table of Positional Parameters and Their Estimated Standard Deviations 
A t o m  X y z B  ( A » )  
0 1  0  . 3 7 8 8  ( 2 )  0 . 5 5 7 6 ( 2 )  0 . 0 1 9 1 ( 2 )  5 . 5 2 ( 6 )  
0 2  0 . 5 0 1 3  ( 2 )  0 . 6 4 8 2 ( 2 )  - 0 . 0 4 8 5 ( 2 )  4  . 2 7  ( 5 )  
0 3  0 . 3 0 4 3 ( 2 )  0 . 7 0 2 6 ( 2 )  - 0 . 2 9 9 7 ( 2 )  5 . 8 5 ( 6 )  
0 4  0 . 3 3 5 5 ( 1 )  1 . 0 4 0 1 ( 2 )  - 0 . 3 6 9 3 ( 1 )  3  . 5 0  ( 5 )  
0 5  0 . 3 7 9 9 ( 1 )  1 . 1 3 2 1  ( 2 )  - 0 . 1 8 9 9 ( 1 )  3  . 3 3  ( 4 )  
C I  0 . 4 1 7 6  ( 2 )  0 . 6 5 4 6 ( 3 )  - 0 . 0 2 0 9 ( 2 )  3 . 3 4  ( 7 )  
C 2  0 . 3 5 8 7  ( 2 )  0 . 7 7 8 2  ( 3 )  - 0 . 0 2 8 1 ( 2 )  3 . 2 1  ( 7 )  
C 3  0 . 2 8 0 3 ( 3 )  0 . 7 8 6 1  ( 4 )  0 . 0 2 2 1 ( 3 )  5 . 2 4  ( 9 )  
C 4  0 . 3 9 6 6  ( 2 )  0 . 8 9 0 7  ( 3 )  - 0 . 0 8 3 6 ( 2 )  3 . 1 5 ( 7 )  
C 5  0 . 3 4 6 0 ( 2 )  0 . 9 0 7 1 ( 3 )  - 0 . 2 1 2 3 ( 2 )  2 . 8 6 ( 6 )  
C 6  0 . 2 2 5 7  ( 2 )  0 . 9 2 3 3 ( 3 )  - 0 . 2 3 4 0 ( 3 )  3 . 9 7 ( 8 )  
C 7  0 . 3 6 9 6 ( 2 )  0 . 7 8 6 7  ( 3 )  - 0 . 2 7 3 8 ( 2 )  3 . 6 1 ( 7 )  
C 8  0 . 4 7 8 2 ( 3 )  0 . 7 7 2 5 ( 3 )  - 0 . 2 9 3 6 ( 3 )  4 . 7 7  ( 8 )  
C 9  0 . 5 2 6 5  ( 2 )  0 . 8 9 4 3  ( 3 )  - 0 . 3 2 5 3 ( 3 )  4 . 7 7 ( 8 )  
C I O  0 . 5 1 3 6  ( 2 )  1 . 0 0 6 1 ( 3 )  - 0 . 2 4 9 6 ( 3 )  4 . 0 0 ( 7 )  
C l l  0 . 3 9 5 6 ( 2 )  1 . 0 2 5 4  ( 3 )  - 0 . 2 5 5 5 ( 2 )  2 . 8 8 ( 6 )  
C 1 2  0 . 3 5 6 5  ( 3 )  1 . 1 5 6 4  ( 3 )  - 0 . 4 2 1 5 ( 3 )  4 . 1 8  ( 7 )  
C 1 3  0 . 3 3 7 9 ( 3 )  1 . 2 7 3 9 ( 3 )  - 0  . 3 5 4 8 ( 3 )  4 . 3 1 ( 8 )  
C 1 4  0 . 3 7 9 7  ( 4 )  1 . 3 9 4 4 ( 4 )  - 0 . 4 0 1 3 ( 3 )  6 . 8  ( 1 )  
C 1 5  0 . 2 2 0 9  ( 3 )  1 . 2 8 8 3 ( 4 )  - 0 . 3 6 1 9 ( 3 )  6 . 8  ( 1 )  
C 1 6  0 . 4 0 1 6 ( 3 )  1 . 2 5 4 5  ( 3 )  - 0 . 2 3 4 1 ( 3 )  4 . 1 9  ( 8 )  
H I  0 . 2 2 7  0  .  7 2 4  - 0 . 0 0 6  6 . 6 7  
H 2  0  . 3 0 8  0  . 7 7 5  0 . 1 0 2  6  . 6 7  
H 3  0  . 4 7 3  0 . 7 0 9  - 0  . 3 5 3  5  . 5 1  
j a b l e  o f  P o s i t i o n a l  P a r a m e t e r s  a n d  T h e i r  E s t i m a t e d  S t a n d a r d  D e v i a t i o n s  ( c o n t . )  
A t o m  x  y  z  B  ( A » )  
H 4  0 . 5 2 7  0 . 7 3 9  - 0 . 2 2 7  5 . 5 1  
H 5  0 . 4 9 0  0 . 9 1 5  - 0 . 4 0 4  5 . 9 1  
H 6  0 . 6 0 0  0 . 8 8 1  - 0 . 3 2 3  5 . 9 1  
H 7  0 . 5 5 5  0 . 9 9 2  - 0 . 1 7 5  5 . 1 7  
H 8  0 . 5 4 1  1 . 0 8 6  - 0 . 2 7 5  5 . 1 7  
H 9  0 . 3 1 0  1 . 1 6 1  - 0 . 4 9 7  5 . 4 1  
H 1 0  0 . 4 2 8  1 . 1 5 6  - 0 . 4 2 8  5 . 4 1  
H l l  0 . 3 4 4  1 . 4 1 0  - 0 . 4 7 7  8 . 5 6  
H 1 2  0 . 3 7 5  1 . 4 6 9  - 0 . 3 5 7  8 . 5 6  
H 1 3  0 . 4 5 6  1 . 3 8 5  - 0 . 3 9 7  8 . 5 6  
H 1 4  0 . 1 8 0  1 . 2 9 9  - 0 . 4 4 0  8 . 9 2  
H 1 5  0 . 1 9 5  1 . 2 1 3  - 0 . 3 3 4  8 . 9 2  
H I 6  0 . 2 0 8  1 . 3 6 0  - 0 . 3 2 0  .  8 . 9 2  
H I 7  0 . 4 7 7  1 . 2 6 1  - 0 . 2 2 7  5 . 4 7  
H 1 8  0 . 3 8 5  1 . 3 2 2  - 0 . 1 8 7  5 . 4 7  
H 1 9  0 . 2 1 1  0 . 9 9 9  - 0 . 1 9 6  5 . 0 3  
H 2 0  0 . 1 9 3  0 . 9 3 2  - 0 . 3 1 2  5 . 0 3  
H 2 1  0 . 1 9 6  0 . 8 5 2  - 0 . 2 0 6  5 . 0 3  
H 2 2  0 . 4 7 2  0 . 8 8 2  - 0 . 0 7 2  3 . 9 1  
H 2 3  0 . 3 8 4  0 . 9 6 8  - 0 . 0 4 7  3 . 9 1  
H 2 4  0 . 2 9 5  0 . 7 7 7  - 0 . 0 8 8  3 . 9 6  
H 2 5  0 . 3 5 1  0 . 4 8 6  0 . 0 5 1  6 . 6 7  
H 2 6  0 . 2 4 9  0 . 8 7 1  0 . 0 1 0  6 . 6 7  
P a r a m e t e r s  w i t h o u t  e s d ' s  w e r e  n o t  r e f i n e d .  
A n i s o t r o p i c a l l y  r e f i n e d  a t o m s  a r e  g i v e n  i n  t h e  f o r m  o f  t h e  
i s o t r o p i c  e q u i v a l e n t  d i s p l a c e m e n t  p a r a m e t e r  d e f i n e d  a s :  
( 4 / 3 )  *  [ a » * A ( l ,  1 )  +  b »  * A ( 2 , 2 )  +  c »  *  A  ( 3 , 3 )  +  a b ( c o s  6 ) * A ( 1 , 2 )  
+  a c ( c o s  A )  * A  ( 1 , 3 )  +  b c ( c o s  A ) * A ( 2 , 3 ) ]  
Table of General Displacement Parameter Expressions - B's 
N a m e  B  ( 1 , 1 )  
0 1  5 . 3 4 ( 9 )  
0 2  3 . 8 0 ( 8 )  
0 3  5 . 5 ( 1 )  
0 4  3 . 9 1 ( 8 )  
0 5  4 . 6 2 ( 8 )  
C I  3 . 3 ( 1 )  
C 2  3 . 0 ( 1 )  
C 3  5 . 2 ( 2 )  
C 4  3  . 4  ( 1 )  
C 5  2 . 8 ( 1 )  
C 6  2 . 7 ( 1 )  
C 7  4 . 0 ( 1 )  
C 8  5 . 0 ( 1 )  
C 9  4 . 3 ( 1 )  
C 1 0  2 . 9 ( 1 )  
C l l  2 . 8 ( 1 )  
C 1 2  5 . 3 ( 1 )  
C 1 3  5 . 6  ( 2 )  
C 1 4  1 0 . 6  ( 3 )  
C 1 5  6 . 4 ( 2 )  
C l 6  5 . 9 ( 2 )  
B  ( 2  ,  2 )  
3 . 4 ( 1 )  
3 . 8 ( 1 )  
4 . 7 ( 1 )  
3 . 9 ( 1 )  
2 . 7 7 ( 8 )  
3 . 2 ( 1 )  
3 . 6 ( 1 )  
5 . 6  ( 2 )  
2 . 9 ( 1 )  
3 . 0 ( 1 )  
5 . 0 ( 2 )  
3 . 4 ( 1 )  
4 . 7 ( 2 )  
5 . 2 ( 2 )  
4 . 6 ( 2 )  
3 . 4 ( 1 )  
4 . 3 ( 2 )  
3 . 9 ( 1 )  
4 . 3 ( 2 )  
7 . 6 ( 2 )  
2 . 9 ( 1 )  
B  ( 3  ,  3 )  
9 . 1 ( 1 )  
5 . 8 2  ( 9 )  
7 . 2 ( 1 )  
2 . 5 8 ( 7 )  
2 . 7 3  ( 7 )  
3 . 7 ( 1 )  
2 . 9 ( 1 )  
5 . 5 ( 2 )  
3 . 0 ( 1 )  
2 . 8 ( 1 )  
4.3(1) 
3 . 3 ( 1 )  
5 . 3 ( 2 )  
5 . 7 ( 1 )  
4 . 7 ( 1 )  
2 . 5 ( 1 )  
3 . 0 ( 1 )  
3 . 5 ( 1 )  
5 . 5 ( 2 )  
6 . 4 ( 2 )  
3 . 8 ( 1 )  
B  ( 1 ,  2  )  
- 0 . 1 3 ( 8 )  
0 . 5 2 ( 8 )  
- 1 . 3 ( 1 )  
0 . 4 8 ( 8 )  
0 . 0 9 ( 8 )  
- 0 . 3 ( 1 )  
0.1(1) 
1 - 3 ( 1 )  
-0.1(1) 
0 . 0 ( 1 )  
0 . 2 ( 1 )  
0 . 2 ( 1 )  
1.2(1) 
1 . 3 ( 1 )  
0 . 0 ( 1 )  
0 . 2 ( 1 )  
0 . 7 ( 1 )  
1 - 3 ( 1 )  
0 . 5 ( 2 )  
3 . 1 ( 2 )  
-0.0(1) 
B  ( 1 ,  3 )  
4 . 1 2 ( 8 )  
2 . 3 4  ( 7 )  
1 . 3 0 ( 9 )  
0 . 7 5 ( 6 )  
1 . 1 9  ( 6 )  
1 . 1 4  ( 9 )  
0 . 5 8 ( 9 )  
2 . 4 ( 1 )  
0 . 6 ( 1 )  
0 . 8 2 ( 8 )  
1.0(1) 
0 . 9 ( 1 )  
2 . 5 ( 1 )  
2 . 8 ( 1 )  
1 . 4 ( 1 )  
0 . 6 2  ( 8 )  
1 . 3 ( 1 )  
1 . 4 ( 1 )  
2 . 4 ( 2 )  
1 . 7 ( 1 )  
1 - 4 ( 1 )  
B  ( 2  ,  3  )  
1 . 9 2 ( 9 )  
1 . 3 2 ( 9 )  
- 2 . 5 ( 1 )  
0 . 0 2  ( 8 )  
- 0 . 1 1 ( 7 )  
0.1(1) 
0 . 3 ( 1 )  
1.1(2) 
-0.1(1) 
- 0 . 4 ( 1 )  
- 0 . 0 ( 1 )  
- 0 . 4 ( 1 )  
- 0 . 4 ( 1 )  
0 . 7 ( 1 )  
0 . 7 ( 1 )  
- 0 . 2 ( 1 )  
0 . 9 ( 1 )  
0 . 7 ( 1 )  
1 . 5 ( 2 )  
0 . 7 ( 2 )  
0.1(1) 
^ " h e  f o r m  o f  t h e  a n i s o t r o p i c  d i s p l a c e m e n t  p a r a m e t e r  i s :  
e k p [ - 0 . 2 5 { h » a » B ( 1 , 1 )  +  k » b » B ( 2 , 2 )  +  l » c » B ( 3 , 3 )  +  2 h k a b B ( l , 2 )  +  2 h l a c B ( l , 3 )  
!  +  2 k l b c B  ( 2  ,  3 )  }  ]  w h e r e  a , b ,  a n d  c  a r e  r e c i p r o c a l  l a t t i c e  c o n s t a n t s .  
Table of General Displacement Parameter Expressions - U's 
Uame U ( l , l )  U  ( 2  ,  2 )  U ( 3 , 3 )  U ( 1 , 2  )  U  ( 1 ,  3 )  U  ( 2  ,  3 )  
0 1  0 . 0 6 8 ( 1 )  0 . 0 4 3 ( 1 )  0 . 1 1 5 ( 1 )  - 0 . 0 0 2 ( 1 )  0 . 0 5 2 ( 1 )  0 . 0 2 4 ( 1 )  
0 2  0 . 0 4 8 ( 1 )  0 . 0 4 8 ( 1 )  0 . 0 7 4 ( 1 )  0 . 0 0 7 ( 1 )  0 . 0 2 9 6 ( 9 )  0 . 0 1 7  ( 1 )  
0 3  0 . 0 6 9 ( 1 )  0 . 0 5 9 ( 1 )  0 . 0 9 1  ( 2 )  - 0 . 0 1 6 ( 1 )  0 . 0 1 6 ( 1 )  - 0 . 0 3 2  ( 1 )  
0 4  0 . 0 4 9 ( 1 )  0 . 0 5 0 ( 1 )  0 . 0 3 2 7 ( 9 )  0 . 0 0 6 ( 1 )  0 . 0 0 9 5 ( 8 )  0 . 0 0 0  ( 1 )  
0 5  0 . 0 5 9 ( 1 )  0 . 0 3 5 ( 1 )  0 . 0 3 4 5  ( 9 )  0 . 0 0 1 ( 1 )  0 . 0 1 5 1 ( 8 )  - 0 . 0 0 1 4 ( 9 )  
C I  0 . 0 4 1 ( 1 )  0 . 0 4 1  ( 2 )  0 . 0 4 7  ( 2 )  - 0 . 0 0 4 ( 1 )  0 . 0 1 4 ( 1 )  0 . 0 0 1 ( 1 )  
C 2  0 . 0 3 8 ( 1 )  0 . 0 4 5  ( 2 )  0 . 0 3 7 ( 1 )  0 . 0 0 1 ( 1 )  0 . 0 0 7 ( 1 )  0 . 0 0 4 ( 1 )  
C 3  0 . 0 6 6  ( 2 )  0 . 0 7 1  ( 2 )  0 . 0 6 9  ( 2 )  0 . 0 1 6 ( 2 )  0 . 0 3 1 ( 1 )  0 . 0 1 4  ( 2 )  
C 4  0 . 0 4 3  ( 2 )  0 . 0 3 7  ( 2 )  0 . 0 3 8  ( 1 )  - 0 . 0 0 1 ( 1 )  0 . 0 0 8 ( 1 )  - 0 . 0 0 1  ( 1 )  
C 5  0 . 0 3 5 ( 1 )  0 . 0 3 8  ( 2 )  0 . 0 3 6 ( 1 )  0 . 0 0 0 ( 1 )  0 . 0 1 0 ( 1 )  - 0 . 0 0 4 ( 1 )  
C 6  0 . 0 3 4 ( 1 )  0 . 0 6 4  ( 2 )  0 . 0 5 4 ( 2 )  0 . 0 0 3 ( 1 )  0 . 0 1 3 ( 1 )  - 0  . 0 0 1  ( 2 )  
C 7  0 . 0 5 1 ( 2 )  0 . 0 4 3  ( 2 )  0 . 0 4 2 ( 2 )  0 . 0 0 2  ( 2 )  0 . 0 1 1 ( 1 )  - 0  . 0 0 5  ( 2 )  
C 8  0 . 0 6 3 ( 2 )  0 . 0 6 0  ( 2 )  0 . 0 6 7  ( 2 )  0 . 0 1 5  ( 2 )  0 . 0 3 2 ( 1 )  - 0  . 0 0 5 ( 2 )  
C 9  0 . 0 5 5 ( 2 )  0 . 0 6 5 ( 2 )  0 . 0 7 2  ( 2 )  0 . 0 1 6  ( 2 )  0 . 0 3 6 ( 1 )  0 . 0 0 8  ( 2 )  
C I O  0 . 0 3 7 ( 1 )  0 . 0 5 9  ( 2 )  0  . 0 5 9 ( 2 )  0 . 0 0 0  ( 2 )  0 . 0 1 8 ( 1 )  0 . 0 0 9  ( 2 )  
C l l  0 . 0 3 5 ( 1 )  0 . 0 4 3  ( 2 )  0 . 0 3 2 ( 1 )  0 . 0 0 3 ( 1 )  0 . 0 0 8 ( 1 )  - 0 . 0 0 3  ( 1 )  
C 1 2  0 . 0 6 7  ( 2 )  0 . 0 5 5  ( 2 )  0 . 0 3 8 ( 1 )  0 . 0 0 9  ( 2 )  0 . 0 1 7 ( 1 )  0 . 0 1 1 ( 2 )  
C 1 3  0 . 0 7 1 ( 2 )  0 . 0 4 9  ( 2 )  0 . 0 4 4  ( 2 )  0 . 0 1 7 ( 2 )  0 . 0 1 8 ( 1 )  0 . 0 0 9 ( 2 )  
C 1 4  0 . 1 3 4  ( 3 )  0 . 0 5 5  ( 2 )  0 . 0 7 0 ( 2 )  0 . 0 0 6  ( 2 )  0 . 0 3 1 ( 2 )  0 . 0 1 9 ( 2 )  
C l 5  0 . 0 8 1 ( 2 )  0 . 0 9 6  ( 3 )  0 . 0 8 0  ( 2 )  0 . 0 4 0  ( 2 )  0 . 0 2 2 ( 2 )  0 . 0 0 9  ( 2 )  
C I S  0 . 0 7 5  ( 2 )  0 . 0 3 7  ( 2 )  0 . 0 4 8  ( 2 )  - 0 . 0 0 0  ( 2 )  0 . 0 1 8 ( 2 )  0 . 0 0 1 ( 2 )  
The form of the anisotropic displacement parameter is: 
S x p  t  -  2 E L »  { h » a » U  ( 1 , 1 )  +  k » b » U  ( 2 , 2 )  +  l » c » U ( 3 , 3 )  +  2 h k a b U ( l , 2 )  +  2 h l a c U ( l , 3 )  
+  2 k l b c U ( 2 , 3 ) } ]  w h e r e  a , b ,  a n d  c  a r e  r e c i p r o c a l  l a t t i c e  c o n s t a n t s .  
l/A-Lzs-^ J fol. O; 
Table of Refined Displacement Parameter Expressions - Beta's 
Name A ( l , l )  A  ( 2  ,  2 )  A  ( 3  ,  3  )  A  ( 1 ,  2  )  A  ( 1 ,  3  )  A  ( 2  ,  3  )  
01 
02 
0 3  
0 4  
0 5  
CI 
C 2  
C 3  
C 4  
C 5  
C 6  
C 7  
C 8  
C 9  
C I O  
C l l  
C 1 2  
C 1 3  
C 1 4  
C 1 5  
C 1 6  
0 . 0 0 8 4  ( 2 )  
0 . 0 0 6 0 ( 1 )  
0 . 0 0 8 6  ( 2 )  
0 . 0 0 6 2 ( 1 )  
0 . 0 0 7 3  ( 1 )  
0 . 0 0 5 1 ( 2 )  
0 . 0 0 4 8  ( 2 )  
0 . 0 0 8 2  ( 2 )  
0 . 0 0 5 4  ( 2 )  
0 . 0 0 4 4  ( 2 )  
0 . 0 0 4 2  ( 2 )  
0 . 0 0 6 4 ( 2 )  
0 . 0 0 7 9  ( 2 )  
0 . 0 0 6 9  ( 2 )  
0 . 0 0 4 6  ( 2 )  
0 . 0 0 4 4  ( 2 )  
0 . 0 0 8 4  ( 2 )  
0 . 0 0 8 9 ( 2 )  
0 . 0 1 6 7  ( 4 )  
0 . 0 1 0 1 ( 3 )  
0 . 0 0 9 3 ( 3 )  
0 . 0 0 7 8  ( 2 )  
0 . 0 0 8 8 ( 2 )  
0 . 0 1 0 8 ( 3 )  
0 . 0 0 9 1 ( 2 )  
0 . 0 0 6 4  ( 2 )  
0 . 0 0 7 4 ( 3 )  
0 . 0 0 8 2  ( 3 )  
0 . 0 1 3 0 ( 4 )  
0 . 0 0 6 7  ( 3 )  
0 . 0 0 7 0  ( 3 )  
0 . 0 1 1 6 ( 4 )  
0 . 0 0 7 8 ( 3 )  
0 . 0 1 0 9 ( 4 )  
0 . 0 1 1 9  ( 4 )  
0 . 0 1 0 7 ( 4 )  
0 . 0 0 7 7 ( 3 )  
0 . 0 1 0 0 ( 4 )  
0 . 0 0 9 0 ( 3 )  
0 . 0 1 0 0 ( 4 )  
0 . 0 1 7 5 ( 5 )  
0 . 0 0 6 7  ( 3 )  
0  . 0 1 6 1  ( 2 )  
0  . 0 1 0 3  ( 2 )  
0  . 0 1 2 8  ( 2 )  
0  . 0 0 4 6  ( 1 )  
0 . 0 0 4 8  ( 1 )  
0 . 0 0 6 5 ( 2 )  
0 . 0 0 5 2 ( 2 )  
0 . 0 0 9 7  ( 3 )  
0 . 0 0 5 3  ( 2 )  
0 . 0 0 5 0  ( 2 )  
0 . 0 0 7 6  ( 2 )  
0 . 0 0 5 9  ( 2 )  
0 . 0 0 9 3 ( 3 )  
0 . 0 1 0 0 ( 3 )  
0 . 0 0 8 3 ( 2 )  
0 . 0 0 4 4  ( 2 )  
0 . 0 0 5 4  ( 2 )  
0 . 0 0 6 2  ( 2 )  
0 . 0 0 9 8  ( 3 )  
0 . 0 1 1 3  ( 3 )  
0 . 0 0 6 8  ( 3 )  
- 0 . 0 0 0 5 ( 3 )  
0 . 0 0 2 0 ( 3 )  
- 0 . 0 0 4 8  ( 4 )  
0 . 0 0 1 8  ( 3 )  
0 . 0 0 0 3  ( 3 )  
- 0 . 0 0 1 3  ( 4 )  
0 . 0 0 0 4  ( 4 )  
0 . 0 0 4 8 ( 6 )  
• 0 . 0 0 0 3  ( 4 )  
0 . 0 0 0 1 ( 4 )  
0 . 0 0 0 9  ( 5 )  
0 . 0 0 0 7  ( 5 )  
0 . 0 0 4 5  ( 5 )  
0 . 0 0 4 9  ( 5 )  
0 . 0 0 0 1 ( 5 )  
0 . 0 0 0 8 ( 4 )  
0 . 0 0 2 7 ( 5 )  
0 . 0 0 5 0 ( 5 )  
0 . 0 0 1 8 ( 7 )  
0 . 0 1 1 9 ( 6 )  
• 0 . 0 0 0 0 ( 5 )  
0 . 0 1 3 8 ( 3 )  
0 . 0 0 7 8 ( 2 )  
0 . 0 0 4 4 ( 3 )  
0 . 0 0 2 5  ( 2 )  
0 . 0 0 4 0  ( 2 )  
0 . 0 0 3 8  ( 3 )  
0 . 0 0 1 9 ( 3 )  
0 . 0 0 8 2 ( 4 )  
0 . 0 0 2 2  ( 3 )  
0 . 0 0 2 7  ( 3 )  
0 . 0 0 3 5  ( 3 )  
0 . 0 0 2 9  ( 3 )  
0 . 0 0 8 4 ( 4 )  
0 . 0 0 9 5  ( 3 )  
0 . 0 0 4 8  ( 3 )  
0 . 0 0 2 1 ( 3 )  
0 . 0 0 4 4  ( 3 )  
0 . 0 0 4 7  ( 4 )  
0 . 0 0 8 2  ( 5 )  
0 . 0 0 5 8  ( 5 )  
0 . 0 0 4 8  ( 4 )  
0 . 0 0 7 8 ( 4  
0 . 0 0 5 3 ( 4  
- 0 . 0 1 0 3 ( 4  
0 . 0 0 0 1 ( 3  
- 0  .  0 0 0 4  ( 3  
0 . 0 0 0 5 ( 5  
0 . 0 0 1 3 ( 5  
0 . 0 0 4 6 ( 6  
- 0 . 0 0 0 2 ( 4  
- 0 . 0 0 1 4 ( 4  
- 0 . 0 0 0 2 ( 6  
- 0 . 0 0 1 5 ( 5  
- 0 . 0 0 1 5 ( 6  
0  .  0 0 2 7 ( 6  
0  . 0 0 2 9 ( 5  
- 0  .  0 0 0 9  ( 4  
0 . 0 0 3 6 ( 5  
0 . 0 0 2 8 ( 5  
0  . 0 0 5 9 ( 7  
0 . 0 0 2 7 ( 8  
0  . 0 0 0 3  ( 5  
The form of the anisotropic displacement parameter is: 
e x g [ - ( A ( l , l )  * h »  +  A  ( 2  ,  2 )  * k »  +  A  ( 3  ,  3 )  *  1 »  +  A ( l , 2 ) * h k  +  A ( l , 3 ) * h l  
•  A  ( 2  ,  3 )  * k l )  ]  .  
f a b l e  o f  R o o t - M e a n - S q u a r e  A m p l i t u d e s  o f  A n i s o t r o p i c  D i s p l a c e m e n t  i n  A n g s t r o m s  
A t o m  M i n .  
0 1  0  . 1 6 1  
0 2  0  . 1 9 0  
0 3  0  . 1 9 0  
0 4  0  . 1 8 1  
0 5  0  . 1 7 9  
C I  0  . 1 8 7  
C 2  0  . 1 8 5  
C 3  0  . 2 2 2  
C 4  0  . 1 9 0  
C 5  0  . 1 7 7  
C 6  0  . 1 8 0  
C 7  0  . 1 9 4  
C 8  0  . 1 8 5  
C 9  0  . 1 8 1  
C I O  0  . 1 8 3  
C l l  0  . 1 7 6  
C 1 2  0  . 1 8 0  
C 1 3  0  . 1 9 3  
C 1 4  0  . 2 0 5  
C 1 5  0  . 2 1 9  
C 1 6  0  . 1 9 2  
I n t e r m e d i a t e  M a x .  
0 . 2 3 8  0 . 3 5 7  
0  . 2 0 4  0  . 2 9 0  
0  . 2 7 4  0  . 3 3 4  
0 . 2 1 0  0 . 2 3 7  
0  . 1 9 0  0 . 2 4 2  
0  . 2 1 2  0  . 2 1 7  
0 . 2 0 2  0  . 2 1 7  
0  . 2 3 7  0  . 3 0 7  
0 . 1 9 5  0  . 2 1 3  
0  . 1 8 8  0 . 2 0 4  
0  . 2 3 2  0  . 2 5 4  
0  . 2 1 4  0  . 2 3 2  
0 . 2 6 1  0  . 2 8 1  
0  . 2 4 4  0 . 2 9 8  
0  . 2 2 5  0  . 2 6 1  
0  . 1 8 5  0  . 2 1 1  
0  . 2 3 3  0 . 2 6 9  
0  . 2 1 5  0 . 2 8 4  
0  . 2 8 3  0 . 3 6 7  
0  . 2 8 3  0 . 3 5 9  
0  . 2 1 8  0 . 2 7 4  
Table of Least-Squares Planes 
O r t h o n o r m a l  E q u a t i o n  o f  P l a n e  1  
- 0 . 2 5 3 6  X  +  0 . 2 5 3 5  Y  +  - 0 . 9 3 3 5  Z  -  3 . 7 0 7 2  =  0  
0 . 0 0 1 1  0 . 0 0 0 9  0 . 0 0 0 4  0 . 0 0 9 1  
C r y s t a l l o g r a p h i c  E q u a t i o n  o f  P l a n e  
- 3 . 3 0 9 6  X  +  2 . 6 3 9 3  Y  +  - 1 0 . 2 4 8 8  Z  -  3 . 7 0 7 2  =  0  
0 . 0 1 4 1  0 . 0 0 9 8  0 . 1 0 8 0  0 . 0 0 9 1  
A t o m  X  Y  Z  D i s t a n c e  E s d  
C 5  5 . 2 1 1 9  9 . 4 4 4 6  - 2 . 5 1 9 9  - 0 . 2 8 2 5  + -  0 . 0 0 2 6  
C 7  5 . 7 2 1 6  8 . 1 9 0 4  - 3 . 2 5 0 5  - 0 . 0 4 7 8  + -  0 . 0 0 2 9  
C 8  7 . 2 0 3 8  8 . 0 4 3 1  - 3 . 4 8 5 5  - 0 . 2 4 1 6  + -  0 . 0 0 3 3  
C 9  7 . 9 3 8 3  9 . 3 1 1 0  - 3 . 8 6 1 7  0 . 2 4 4 6  + -  0 . 0 0 3 2  
C 1 0  7 . 5 2 2 3  1 0 . 4 7 5 0  - 2 . 9 6 3 6  - 0 . 1 9 3 2  + -  0 . 0 0 3 1  
C l l  6 . 0 0 0 8  1 0 . 6 7 5 9  - 3 . 0 3 3 2  0 . 3 0 8 7  + -  0 . 0 0 2 6  
0 3  4 . 9 5 4 5  7 . 3 1 5 2  - 3 . 5 5 7 8  0 . 2 1 1 8  + -  0 . 0 0 2 4  
C h i  S q u a r e d  =  4 9 1 4 1 . 7  
O r t h o n o r m a l  E q u a t i o n  o f  P l a n e  
- 0 . 9 9 9 9  X  
0 . 0 0 0 1  
- 0 . 0 0 4 7  Y  +  
0 . 0 0 1 3  
0 . 0 1 2 8  Z  
0 . 0 0 5 0  
- 5 . 9 0 0 1  =  0  
0 . 0 2 3 6  
C r y s t a l l o g r a p h i c  E q u a t i o n  o f  P l a n e  
- 1 3 . 0 4 7 9  X  +  - 0  . 0 4 8 8  Y  +  3 . 4 3 4 5  Z  -  - 5 . 9 0 0 1  =  0  
0  . 0 0 0 8  0  .  0 1 4 0  0 . 0 6 5 5  0 . 0 2 3 6  
A t o m  X  Y  Z  D i s t a n c e  E s d  
C l l  6 . 0 0 0 8  1 0 . 6 7 5 9  - 3 . 0 3 3 2  - 0 . 1 8 9 0  + -  0 . 0 0 2 7  
0 4  5 . 5 8 9 7  1 0 . 8 2 9 2  - 4 . 3 8 3 5  0 . 2 0 4 2  + -  0 . 0 0 1 9  
C 1 2  6 . 0 3 5 8  1 2 . 0 3 9 4  - 5 . 0 0 3 4  - 0 . 2 5 5 6  + -  0 . 0 0 3 5  
C 1 3  5 . 5 7 4 5  1 3 . 2 6 3 4  - 4 . 2 1 1 3  0 . 2 1 0 2  + -  0 . 0 0 3 5  
C 1 6  6 . 0 0 9 1  1 3 . 0 6 0 8  - 2 . 7 7 8 6  - 0 . 2 0 5 2  + -  0 . 0 0 3 5  
0 5  5 . 5 8 1 1  1 1 . 7 8 6 3  - 2 . 2 5 4 7  0 . 2 3 5 4  + -  0 . 0 0 1 9  
C h i  S q u a r e d  =  4 3 0 8 0 . 9  
D i h e d r a l  A n g l e s  B e t w e e n  P l a n e s :  
P l a n e  N o .  P l a n e  N o .  D i h e d r a l  A n g l e  
7 6 . 0 8  + -  0 . 2 9  
T a b l e  o f  T o r s i o n  A n g l e s  i n  D e g r e e s  
A t o m  1  A t o m  2  A t o m  3  A t o m  4  A n g l e  
H 2 5  0 1  C I  0 2  8 5 . 3 0  ( 1 0 .  
H 2 5  0 1  C I  C 2  - 9 2 . 1 1  ( 1 0 .  
C 1 2  0 4  C l l  0 5  5 5  .  9 9  ( o. 
C 1 2  0 4  C l l  C 5  1 7 0 . 6 9  ( o. 
C 1 2  0 4  C l l  C I O  - 6 7 . 9 7  ( 0. 
C l l  0 4  C 1 2  C 1 3  - 5 6 . 7 0  ( o. 
C l l  0 4  C 1 2  H 9  - 1 7 7 . 2 2  ( o. 
C l l  0 4  C 1 2  H 1 0  6 5 . 5 5  ( o. 
C 1 6  0 5  C l l  0 4  - 5 4 . 5 4  ( 0. 
C 1 6  0 5  C l l  C 5  - 1 6 7 . 8 8  ( 0. 
C 1 6  0 5  C l l  C I O  6 8 . 5 0  ( 0. 
C l l  0 5  C 1 6  C 1 3  5 5 . 2 7  ( 0. 
C l l  0 5  C 1 6  H 1 7  - 6 7 . 8 5  ( o. 
C l l  0 5  C 1 6  H I  8  1 7 6 . 9 4  ( o. 
0 1  C I  C 2  C 3  9 . 9 2  ( 0. 
0 1  C I  C 2  C 4  - 1 7 4 . 8 8  ( o. 
0 1  C I  C 2  H 2 4  - 7 4 . 0 6  ( 0. 
0 2  C I  C 2  C 3  - 1 6 7 . 5 2  ( 0. 
0 2  C I  C 2  C 4  7  .  6 8  ( 0. 
0 2  C I  C 2  H 2 4  1 0 8 . 5 0  ( o. 
C I  C 2  C 3  H I  - 5 8  . 5 9  ( o. 
C I  C 2  C 3  H 2  6 3  . 1 1  ( o. 
C I  C 2  C 3  H 2 6  - 1 7 9 . 3 1  ( o. 
C 4  C 2  C 3  H I  1 2 6 . 4 8  ( 0. 
C 4  C 2  C 3  H 2  - 1 1 1 . 8 3  ( o. 
C 4  C 2  C 3  H 2 6  5  .  7 5  ( 0. 
H 2 4  C 2  C 3  H I  4 7 . 7 0  ( o. 
H 2 4  C 2  C 3  H 2  1 6 9 . 4 0  ( o. 
H 2 4  C 2  C 3  H 2 6  - 7 3 . 0 3  ( 0. 
C I  C 2  C 4  C 5  9 1 . 1 6 .  ( o. 
C I  C 2  C 4  H 2 2  - 3 0 . 0 3  ( o. 
C I  C 2  C 4  H 2 3  - 1 4 6 . 7 4  ( o. 
C 3  C 2  C 4  C 5  - 9 3 . 8 9  ( 0. 
C 3  C 2  C 4  H 2 2  1 4 4  .  9 1  ( o. 
C 3  C 2  C 4  1 1 2 3  2 8 . 2 0  ( o. 
H 2 4  C 2  C 4  C 5  - 2 2 . 4 5  ( 0. 
H 2 4  C 2  C 4  H 2 2  - 1 4 3 . 6 5  ( o. 
H 2 4  C 2  C 4  H 2 3  9 9 . 6 4  ( 0. 
C 2  C 4  C 5  C 6  5 9 . 6 5  ( 0. 
C 2  C 4  C 5  C 7  - 5 9 . 9 3  ( o. 
C 2  C 4  C 5  C l l  - 1 7 8 . 8 8  ( 0. 
H 2 2  C 4  C 5  C 6  - 1 7 9 . 0 5  ( o. 
H 2 2  C 4  C 5  C 7  6 1 . 3 7  ( o. 
H 2 2  C 4  C 5  C l l  - 5 7 . 5 8  ( 0. 
H 2 3  C 4  C 5  C 6  - 6 2 . 6 1  ( o. 
H 2 3  C 4  C 5  C 7  1 7 7 . 8 1  ( 0. 
H 2 3  C 4  C 5  C l l  5 8 . 8 7  ( o. 
C 4  C 5  C 6  H 1 9  6 1 . 4 7  ( 0. 
C 4  C 5  C 6  H 2 0  - 1 7 9 . 2 1  ( 0. 
C 4  C 5  C 6  H 2 1  - 5 7 . 8 6  ( o. 
C 7  C 5  C 6  H I  9  - 1 7 9 . 2 6  ( o. 
C 7  C 5  C 6  H 2 0  - 5 9 . 9 4  ( o. 
C 7  C 5  C 6  H 2 1  6 1 . 4 1  ( o. 
3 9  
3 7  
2 9  
2 2  
3 0  
3 2  
2 5  
3 2  
2 9  
2 2  
2 9  
3 3  
3 2  
2 5  
4 1  
2 5  
3 4  
2 9  
4 0  
3 2  
4 2  
4 1  
2 7  
3 3  
3 5  
4 6  
3 2  
3 5  
3 1  
3 1  
3 5  
2 6  
3 5  
3 0  
4 1  
3 0  
2 5  
2 7  
3 2  
3 1  
2 3  
2 5  
3 1  
3 1  
3 2  
2 4  
3 1  
3 3  
2 7  
3 3  
2 5  
3 5  
3 2  
T a b l e  o f  T o r s i o n  A n g l e s  i n  D e g r e e s  ( c o n t i n u e d )  
A t o m  1  A t o m  2  A t o m  3  A t o m  4  A n g l e  
C l l  C 5  C 6  H 1 9  - 5 9  . 2 5  0  . 
C l l  C 5  C 6  H 2 0  6 0  . 0 7  0  . 
C l l  C 5  C 6  H 2 1  - 1 7 8 . 5 8  0. 
C 4  C 5  C 7  0 3  9 7  . 3 0  0. 
C 4  C 5  C 7  C 8  - 7 8 . 6 1  0  . 
C 6  C 5  C 7  0 3  - 2 2 . 0 0  0  . 
C 6  C 5  C 7  C 8  1 6 2 . 1 0  0  . 
C l l  C 5  C 7  0 3  - 1 4 3 . 2 5  0  . 
C l l  C 5  C 7  C 8  4 0  . 8 4  0. 
C 4  C 5  C l l  0 4  - 1 7 3  . 3 0  0. 
C 4  C 5  C l l  0 5  - 5 6 . 0 0  0  . 
C 4  C 5  C l l  C I O  6 7  . 0 4  0  . 
C 6  C 5  C l l  0 4  - 5 2  . 8 7  0 . 
C 6  C 5  C l l  0 5  6 4  . 4 3  0. 
C 6  C 5  C l l  C I O  - 1 7 2 . 5 3  0 . 
C 7  C 5  C l l  0 4  6 7  . 5 9  0 . 
C 7  C 5  C l l  0 5  - 1 7 5 . 1 1  0  . 
C 7  C 5  C l l  C I O  - 5 2 . 0 6  0  . 
0 3  C 7  C 8  C 9  1 4 4 . 9 0  0  . 
0 3  C 7  C 8  H 3  2 2  . 6 9  0  . 
0 3  C 7  C 8  H 4  - 9 3 . 5 4  0  . 
C 5  C 7  C 8  C 9  - 3 9 . 2 2  0  . 
C 5  C 7  C 8  H 3  - 1 6 1 . 4 3  0  . 
C 5  C 7  C 8  H 4  8 2  . 3 3  0  . 
C 7  C 8  C 9  C I O  4 5  . 4 1  0  . 
C 7  C 8  C 9  H 5  - 7 4 . 9 1  0  . 
C 7  C 8  C 9  H 6  1 6 9 . 7 0  0  . 
H 3  C 8  C 9  C I O  1 6 6 . 9 7  0. 
H 3  C 8  C 9  H 5  4 6  . 6 5  0. 
H 3  C 8  C 9  H 6  - 6 8 . 7 3  0. 
H 4  C 8  C 9  C I O  - 7 7 . 2 4  0 . 
H 4  C 8  C 9  H 5  1 6 2 . 4 4  0  . 
K 4  C 8  C 9  H 6  4 7  . 0 6  0. 
C 8  C 9  C I O  C l l  - 5 6 . 5 3  0  . 
C 8  C 9  C I O  H 7  6 6  . 7 5  0  . 
C 8  C 9  C I O  H 8  - 1 7 6 . 1 9  0  . 
H 5  C 9  C I O  C l l  6 3  . 1 6  0. 
H 5  C 9  C I O  H 7  - 1 7 3 . 5 5  0. 
H 5  C 9  C I O  H 8  - 5 6 . 5 0  0  . 
H 6  C 9  C I O  C l l  1 7 9  . 6 5  0  . 
H 6  C 9  C I O  H 7  - 5 7 . 0 6  0. 
H 6  C 9  C I O  H 8  5 9  . 9 9  0. 
C 9  C 1 0  C l l  0 4  - 5 4  . 2 2  0. 
C 9  C I O  C l l  0 5  - 1 7 7 . 5 2  0 . 
C 9  C I O  C l l  C 5  6 2  . 2 3  0. 
H 7  C I O  C l l  0 4  - 1 7 6 . 9 9  0  . 
H 7  C 1 0  C l l  0 5  5 9  . 7 1  0. 
H 7  C I O  C l l  C 5  - 6 0 . 5 4  0  . 
H 8  C I O  C l l  0 4  6 6 . 2 1  0  . 
H 8  C I O  C l l  0 5  - 5 7  . 0 9  0  . 
H 8  C I O  C l l  C 5  - 1 7 7 . 3 5  0. 
0 4  C 1 2  C 1 3  C 1 4  1 7 0 . 2 1  0  . 
3 2  
3 5  
2 4  
3 1  
3 1  
3 7  
2 6  
2 7  
3 3  
2 1  
2 7  
2 9  
2 7  
2 7  
2 3  
2 6  
21 
2 9  
3 0  
4 3  
3 7  
3 8  
2 6  
3 6  
3 6  
3 6  
2 7  
2 8  
4 0  
3 9  
3 5  
3 0  
4 0  
3 3  
3 5  
2 7  
3 5  
2 8  
3 7  
2 7  
3 9  
3 8  
3 1  
2 3  
3 0  
2 5  
3 4  
3 4  
3 2  
3 2  
2 4  
2 7  
0 4  C 1 2  C 1 3  C 1 5  - 6 8 . 0 0  (  0 . 3 3 )  
0 4  C 1 2  C 1 3  C 1 6  5 2 . 6 4  (  0 . 3 4 )  
T a b l e  o f  T o r s i o n  A n g l e s  i n  D e g r e e s  ( c o n t i n u e d )  
A t o m  1  A t o m  2  A t o m  3  A t o m  4  A n g l e  
H 9  C 1 2  C 1 3  C 1 4  - 6 9 . 3 4  0. 
H 9  C 1 2  C 1 3  C 1 5  5 2  . 4 4  0. 
H 9  C 1 2  C 1 3  C 1 6  1 7 3 . 0 8  0. 
H 1 0  C 1 2  C 1 3  C 1 4  4 8  . 2 5  0. 
H 1 0  C 1 2  G 1 3  C 1 5  1 7 0 . 0 4  0. 
H 1 0  C 1 2  C 1 3  C 1 6  - 6 9  . 3 2  0. 
C 1 2  C 1 3  C 1 4  H l l  6 1 . 6 2  0 . 
C 1 2  C 1 3  C 1 4  H 1 2  - 1 7 5 . 2 3  0. 
C 1 2  C 1 3  C 1 4  H 1 3  - 5 8  . 2 7  0. 
C 1 5  C 1 3  C 1 4  H l l  - 6 0 . 1 3  0. 
C 1 5  C 1 3  C 1 4  H 1 2  6 3  . 0 1  0. 
C 1 5  C 1 3  C 1 4  H 1 3  1 7 9 . 9 8  0. 
C 1 6  C 1 3  C 1 4  H l l  1 7 8  . 3 4  0  . 
C 1 6  C 1 3  C 1 4  H 1 2  - 5 8 . 5 1  0. 
C 1 6  C 1 3  C 1 4  H 1 3  5 8  . 4 4  0. 
C 1 2  C 1 3  C 1 5  H 1 4  - 6 0 . 4 6  0. 
C 1 2  C 1 3  C 1 5  H 1 5  5 7  . 8 4  0  . 
C 1 2  C 1 3  C 1 5  H 1 6  1 7 9 . 5 2  0  . 
C 1 4  C 1 3  C 1 5  H 1 4  6 0  . 5 5  0  . 
C 1 4  C 1 3  C 1 5  H 1 5  1 7 8 . 8 5  0 . 
C 1 4  C 1 3  C 1 5  H 1 6  - 5 9 . 4 7  0  . 
C 1 6  C 1 3  C 1 5  H 1 4  - 1 7 9 . 1 0  0  . 
C 1 6  C 1 3  C 1 5  H 1 5  - 6 0 . 7 9  0. 
C 1 6  C 1 3  C 1 5  H 1 6  6 0  . 8 9  0  . 
C 1 2  C 1 3  C 1 6  0 5  - 5 2 . 2 3  0. 
C 1 2  C 1 3  C 1 6  H 1 7  6 9  . 7 2  0. 
C 1 2  C 1 3  C 1 6  H 1 8  - 1 7 3 . 2 7  0  . 
C 1 4  C 1 3  C 1 6  0 5  - 1 7 0 . 1 9 .  0. 
C 1 4  C 1 3  C 1 6  H 1 7  - 4 8  . 2 4  0 . 
C 1 4  C 1 3  C 1 6  H I  8  6 8  . 7 8  0  . 
C 1 5  C 1 3  C 1 6  0 5  6 8 . 3 3  0. 
C 1 5  C 1 3  C 1 6  H 1 7  - 1 6 9 . 7 2  0  . 
C 1 5  C 1 3  C 1 6  H I  8  - 5 2 . 7 0  0. 
3 8  
3 8  
2 9  
3 8  
2 9  
3 5  
4 7  
3 4  
4 0  
4 7  
4 5  
3 3  
3 6  
4 6  
4 0  
4 2  
4 2  
3 2  
4 3  
3 2  
4 3  
3 2  
4 2  
4 3  
3 5  
3 5  
2 9  
2 8  
3 9  
3 9  
3 5  
2 9  
3 9  
PERFACT (1.4.9) 12/12/96 15:17:15 
OKLAHOMAl 31-JUL-92 11:41:36 
S T A T I S T I C S  B A S E D  O N  D A T A  C O L L E C T I O N  O R D E R .  
m i n i m u m  M a x i m u m  N o . c o n t r i b .  A v  F o  A v  5  ° F o - F c ° »  R  R w  E r r o r  
1  1 0 0  8 1  3 9 .  1 2  . 4 3 3  0  . 0 5 0  0  .  0 8 1  3  .  7 4 1  
! 101 2 0 0  8 5  2 6 .  1 1 . 6 7 7  0  . 0 5 5  0 . 0 8 3  3  . 6 2 6  
2 0 1  3 0 0  8 7  1 8  .  1 0  . 2 4 7  0 . 0 6 3  0 . 0 8 3  3  . 3 9 6  
3 0 1  4 0 0  7 9  1 9 .  9  . 0 3 1  0  . 0 6 0  0  .  0 7 9  3 . 1 8 9  
4 0 1  5 0 0  7 7  1 6  .  6 . 9 9 5  0  . 0 5 4  0  .  0 7 2  2 . 8 0 6  
'  5 0 1  6 0 0  7 6  1 2  .  7  . 0 1 7  0  .  0 6 0  0 . 0 7 8  2  . 8 1 0  
6 0 1  7 0 0  7 0  1 1 .  3  . 3 8 8  0  .  0 4 7  0  . 0 5 9  1 . 9 5 3  
|  7 0 1  8 0 0  7 7  1 2  .  3  . 1 8 2  0 . 0 4 2  0 . 0 5 6  1 . 8 9 3  
8 0 1  9 0 0  6 3  1 2  .  2  . 2 4 3  0  . 0 3 8  0  . 0 4 8  1 . 5 8 9  
9 0 1  1 0 0 0  7 3  1 2  .  2  . 5 5 0  0  . 0 3 7  0  .  0 4 9  1 .  6 9 4  
1 0 0 1  1 1 0 0  7 2  1 1 .  3  . 2 9 2  0  .  0 4 9  0 . 0 6 1  1 . 9 2 5  
1 1 0 1  1 2 0 0  6 7  1 1 .  3  . 4 8 8  0  . 0 5 0  0 . 0 6 3  1 .  9 8 2  
1 2 0 1  1 3 0 0  6 3  1 1 .  2  . 6 3 7  0  . 0 4 3  0  .  0 5 4  1 . 7 2 3  
1 3 0 1  1 4 0 0  7 0  1 1 .  2 . 8 6 3  0  . 0 4 9  0 . 0 5 7  1 . 7 9 5  
1 4 0 1  1 5 0 0  6 9  1 0  .  4  . 2 5 2  0  . 0 6 1  0 . 0 7 7  2  . 1 8 8  
1 5 0 1  1 6 0 0  6 2  1 0  .  2  . 8 3 2  0  .  0 5 5  0 . 0 6 1  1 .  7 8 6  
1 6 0 1  1 7 0 0  5 9  8  .  1 . 8 7 5  0  .  0 5 5  0 . 0 5 8  1 . 4 5 3  
1 7 0 1  1 8 0 0  5 2  9  .  2  . 1 6 5  0  0 5 1  0  .  0 5 7  1 . 5 6 1  
1 8 0 1  1 9 0 0  5 2  7  .  1 . 8 5 8  0  .  0 6 3  0  .  0 6 7  1 . 4 4 6  
1 9 0 1  2 0 0 0  5 2  7  .  1 . 2 0 3  0  . 0 5 3  0  . 0 5 7  1 .  1 6 4  
2 0 0 1  2 1 0 0  3 3  9 .  2  . 2 4 9  0  .  0 5 6  0 . 0 6 2  1 . 5 9 1  
2 1 0 1  2 2 0 0  3 4  7  .  2  .  6 1 2  0  . 0 8 2  0 . 0 8 6  1 .  7 1 5  
2 2 0 1  2 3 0 0  4 5  7  .  2  . 6 5 0  0  . 0 9 2  0 . 0 9 1  1 . 7 2 7  
2 3 0 1  2 4 0 0  4 2  7 .  2  . 2 9 8  0 . 0 8 6  0  .  0 9 1  1 . 6 0 8  
2 4 0 1  2 5 0 0  3 3  7  .  2  . 6 7 6  0 . 0 8 8  0 . 0 9 5  1 . 7 3 6  
2 5 0 1  2 6 0 0  2 6  7  .  2  . 8 6 2  0  . 1 0 6  0 . 1 0 8  1 . 7 9 5  
2 6 0 1  2 7 0 0  3 0  7  .  2  . 3 4 8  0  . 0 7 6  0 . 0 9 1  1 . 6 2 6  
2 7 0 1  2 8 0 0  2 3  6 .  1 . 0 3 9  0 , 0 7 2  0 . 0 7 3  1 . 0 8 2  
2 8 0 1  2 9 0 0  2 5  6 .  3  . 7 5 2  0  . 1 2 3  0  . 1 3 7  2 . 0 5 5  
2 9 0 1  3 0 0 0  2 3  7  .  2  . 4 2 1  0  . 0 9 5  0  . 1 1 2  1 . 6 5 1  
3 0 0 1  3 1 0 0  1  5 .  2  . 4 2 6  0  . 2 1 3  0 . 2 1 3  1 . 6 5 3  
PERFACT (1.4.9) 12/12/96 15:17:15 
0KLAHOMA1 31-JUL-92 11:41:36 
S T A T I S T I C S  B A S E D  O N  M A G N I T U D E  O F  F ( O B S ) .  




















6 7  
• a x i m u m  F o  =  2 2 5 . 4 2  
S c a l e  f a c t o r  =  0 . 2 5 0 3  
'  F o  A v  5  ° F o - F c ° »  R  R w  
5 7 .  6  . 4 1 2  0 . 0 4 6  0  . 0 5 3  
3 0 .  5 . 0 3 3  0  . 0 3 8  0  . 0 5 0  
2 2 .  4 . 0 0 3  0  . 0 3 5  0  . 0 4 8  
1 8 .  4  . 4 5 7  0 . 0 3 5  0  . 0 5 2  
1 6 .  3  . 2 7 7  0  . 0 3 4  0  . 0 4 5  
1 4 .  7  . 4 8 2  0  . 0 5 0  0  . 0 6 9  
1 2  .  4 . 9 5 4  0  . 0 4 7  0  . 0 6 0  
1 1 .  4 . 8 4 4  0  . 0 4 6  0  . 0 6 3  
1 0  .  4  . 4 0 0  0  .  0 5 3  0  . 0 6 7  
9 .  3 . 9 6 4  0  . 0 5 1  0  . 0 6 8  
8 .  5  . 9 7 0  0 . 0 6 0  0  .  0 9 3  
7 .  4 . 5 7 3  0  .  0 7 2  0  .  0 9 2  
7 .  4 . 0 4 6  0 . 0 7 5  0  .  0 9 4  
6 .  5 . 2 9 7  0 . 0 8 9  0  . 1 2 9  
6 .  3 . 7 9 0  0 . 0 8 5  0  . 1 1 6  
5  .  6 . 0 1 7  0.111 0  . 1 6 5  
5  .  3 . 7 5 3  0 . 1 3 3  0 . 1 6 9  
4  .  2 . 3 2 9  0 . 1 2 4  0  . 1 4 3  
4  .  3 . 6 2 2  0  . 1 6 5  0  . 2 0 5  
3  .  5  . 5 9 8  0  . 2 4 2  0  . 2 7 3  
E r r o r  
2 . 6 8 7  
2 . 3 8 0  
2 . 1 2 3  
2  . 2 4 0  
1 . 9 2 1  
2 . 9 0 2  
2 . 3 6 1  
2 . 3 3 5  
2  . 2 2 6  
2 . 1 1 2  
2  . 5 9 2  
2  . 2 6 9  
2 . 1 3 4  
2  . 4 4 2  
2 . 0 6 6  
2 . 6 0 3  
2  . 0 5 6  
1 . 6 1 9  
2  . 0 1 9  
2  . 5 1 0  
P E R F A C T  ( 1 . 4 . 9 )  1 2 / 1 2 / 9 6  1 5 : 1 7 : 1 5  
0 K L A H O M A 1  3 1 - J U L - 9 2  1 1 :  4 1 : 3 6  
S T A T I S T I C S  B A S E D  O N  S I N ( T H E T A ) / L A M B D A .  
M i n i m u m  M a x i m u m  N o . c o n t r i b .  A v  F o  A v  5  ° F o - F c ° »  R  R w  E r r o r  
0 . 0 5  0 . 1 0  1 4  6 5  .  1 4 . 5 9 6  0  .  0 6 7  0 . 0 8 4  4 . 0 5 4  
0 . 1 0  0 . 1 5  2 4  3 4  .  2 5  . 3 2 1  0  . 0 5 3  0 . 1 2 3  5 . 3 3 9  
0 . 1 5  0 . 2 0  6 6  3 1 .  6  . 2 9 5  0 . 0 4 0  0  . 0 5 8  2  . 6 6 2  
0 . 2 0  0 . 2 5  9 6  2 3  .  1 2 . 6 6 6  0 . 0 6 3  0  .  0 8 8  3 . 7 7 6  
0 . 2 5  0 . 3 0  1 4 0  1 8  .  8  . 4 2 5  0  . 0 5 7  0  .  0 7 6  3  . 0 8 0  
0 . 3 0  0 . 3 5  1 7 1  1 3  .  6 . 6 1 6  0 . 0 5 6  0  .  0 7 4  2 . 7 2 9  
0 . 3 5  0 . 4 0  2 1 4  1 1 .  2  .  9 4 0  0 . 0 4 1  0  .  0 5 4  1 . 8 1 9  
0 . 4 0  0 . 4 5  2 6 9  1 1 .  2  . 9 1 2  0  . 0 4 5  0 . 0 5 6  1 .  8 1 1  
0 . 4 5  0 . 5 0  2 9 6  9  .  2  .  9 2 8  0  . 0 5 5  0  .  0 6 4  1 . 8 1 6  
0 . 5 0  0 . 5 5  2 5 0  7  .  2  .  0 7 9  0  . 0 7 1  0  .  0 7 4  1 . 5 3 0  
0 . 5 5  0 . 6 0  1 6 1  7  .  2  . 5 4 0  0 . 0 9 3  0  . 1 0 3  1 . 6 9 1  
M a x i m u m  s i n ( 0 ) / l a m b d a  =  0 . 5 9 4 1  
pERFACT (1.4.9) 12/12/96 15:17:16 
0KLAHOMA1 31-JUL-92 11:41:36 
S T A T I S T I C S  B A S E D  O N  I N D I C E S  - -  V A L U E  O F  H .  
M i n i m u m  M a x i m u m  N o . c o n t r i b .  A v  F o  A v  5  ° F o - F c ° »  R  R w  E r r o r  
^ v — — — — — 
0  0  9 1  2 0  .  6 . 3 5 5  0 . 0 4 6  0 . 0 7 3  2  . 6 7 5  
1  1  1 8 0  1 6 .  4 . 5 1 1  0 . 0 4 3  0 . 0 6 3  2  . 2 5 3  
2  2  1 7 8  1 9  .  6 . 3 4 2  0 . 0 5 9  0 . 0 7 3  2  . 6 7 2  
3  3  1 5 4  1 4 .  6 . 9 4 1  0 . 0 5 6  0 . 0 7 9  2  .  7 9 5  
4  4  1 8 1  1 2  .  5 . 1 2 2  0 . 0 5 7  0 . 0 7 4  2  . 4 0 1  
5  5  1 4 4  1 1 .  5  . 7 8 1  0  . 0 6 7  0 . 0 8 0  2  . 5 5 1  
6  6  1 4 5  1 3  .  5  . 2 0 4  0  . 0 5 9  0 . 0 7 4  2  . 4 2 0  
7  7  1 3 6  1 0  .  2  . 9 8 7  0  . 0 5 3  0  . 0 6 1  1 . 8 3 4  
8  8  1 2 9  1 1 .  3  . 5 7 7  0  .  0 5 7  0 . 0 6 7  2  . 0 0 7  
9  9  1 0 4  1 0  .  2  . 7 4 8  0  .  0 5 0  0 . 0 5 9  1 . 7 5 9  
1 0  1 0  9 3  1 0  .  2  .  6 0 0  0 . 0 5 3  0  . 0 5 9  1 . 7 1 1  
1 1  1 1  6 6  8  .  2  . 9 3 7  0 . 0 7 1  0 . 0 7 7  1 . 8 1 8  
1 2  1 2  5 0  8  .  3  . 2 7 0  0  .  0 6 4  0 . 0 8 1  1 . 9 1 9  
1 3  1 3  2 5  7  .  2  . 1 4 3  0  . 0 7 8  0 . 0 9 0  1 . 5 5 3  
1 4  1 4  2 2  6  .  2  . 3 5 8  0  .  0 9 4  0 . 0 9 6  1 . 6 2 9  
1 5  1 5  3  6  .  0 . 6 8 6  0 . 0 6 7  0 . 0 6 3  0  .  8 7 9  
pERFACT (1.4.9) 12/12/96 15:17:16 
OKLAHOMA1 31-JUL-92 11:41:36 
S T A T I S T I C S  B A S E D  O N  I N D I C E S  - -  V A L U E  O F  K .  
M i n i m u m  M a x i m u m  N o . c o n t r i b .  A v  F o  A v  Q  ° F o - F c ° »  R  R w  E r r o r  
0  0  1 2 3  2 1 .  7  . 6 4 0  0 . 0 5 8  0 . 0 7 9  2 . 9 3 3  
1  1  2 2 1  1 7  .  5 . 8 6 8  0 . 0 5 0  0 . 0 7 2  2  . 5 7 0  
2  2  2 2 8  1 2  .  4 . 9 3 6  0 . 0 5 5  0 . 0 7 3  2  . 3 5 7  
3  3  2 1 3  1 3  .  4 . 9 9 8  0 . 0 5 5  0 . 0 6 9  2  . 3 7 2  
4  4  2 0 4  1 4  .  5 . 8 8 9  0 . 0 5 3  0 . 0 7 5  2  . 5 7 5  
5  5  1 7 3  1 3  .  4  . 4 6 6  0 . 0 5 6  0 . 0 6 6  2  . 2 4 2  
6  6  1 6 3  9  .  3  . 1 1 3  0 . 0 5 4  0 . 0 6 4  1 . 8 7 2  
7  7  1 2 6  8  .  3  . 1 6 7  0 . 0 6 4  0 . 0 7 4  1 . 8 8 8  
8  8  1 0 0  1 0  .  3  . 3 0 5  0 . 0 6 2  0  . 0 7 0  1 . 9 2 9  
9  9  7 9  1 0  .  1 . 6 5 2  0 . 0 4 8  0 . 0 4 9  1 . 3 6 4  
1 0  1 0  4 4  7  .  2  . 6 6 4  0  . 0 7 9  0 . 0 8 0  1 . 7 3 2  
1 1  1 1  1 7  6  .  3  . 1 2 4  0 . 1 1 2  0 . 1 3 6  1 . 8 7 5  
1 2  1 2  1 0  6  .  2  . 3 9 7  0  . 1 1 4  0 . 1 2 1  1 . 6 4 3  
p E R F A C T  ( 1  4 . 9 )  1 2 / 1 2 / 9 6  1 5 : 1 7 : 1 6  
0 K L A H O M A 1  3 1 - J U L - 9 2  1 1  : 4 1 : 3 6  
S T A T I S T I C S  B A S E D  O N  I N D I C E S  - - V A L U E  O F  L .  
M i n i m u m  M a x i m u m  N o . c o n t r i b .  A v  F o  A v  5 ° F o - F c ° »  R  R w  E r r o r  
( "14 - 1 4  1 0  7  .  0  .  8 0 5  0 . 0 4 3  0  . 0 5 9  0 . 9 5 2  
I  1 3  - 1 3  1 4  9  .  3  . 4 2 9  0 . 0 7 8  0  . 0 8 0  1 . 9 6 5  
" 1 2  
- 1 2  3 4  8  .  1 . 5 9 9  0 . 0 5 6  0  . 0 5 6  1 . 3 4 2  
1  1 1  - 1 1  4 1  8 .  2  . 6 6 1  0 . 0 6 2  0 . 0 6 8  1 . 7 3 1  
[  - 1 0  - 1 0  5 0  9 .  2  . 4 0 6  0  .  0 5 6  0 . 0 6 4  1 . 6 4 6  
- 9  - 9  5 0  1 1 .  2  . 2 2 1  0 . 0 4 1  0 . 0 5 0  1 . 5 8 1  
- 8  - 8  6 6  1 0  .  3  . 6 9 6  0  .  0 5 6  0 . 0 6 7  2  . 0 4 0  
- 7  - 7  7 2  1 0  .  4 . 8 5 3  0 . 0 6 6  0 . 0 8 1  2  . 3 3 7  
- 6  - 6  9 4  1 1 .  5  . 5 4 3  0 . 0 6 5  0 . 0 8 0  2  . 4 9 8  
- 5  - 5  9 6  1 2  .  5 . 5 8 6  0  .  0 6 5  0 . 0 7 8  2  .  5 0 8  
- 4  - 4  9 6  1 3  .  4  . 3 9 0  0 . 0 5 2  0 . 0 6 6  2  . 2 2 3  
- 3  - 3  9 9  1 5  .  5  .  8 3 7  0  .  0 6 0  0 . 0 7 3  2  . 5 6 3  
- 2  - 2  9 8  1 6 .  8 . 0 0 5  0 . 0 6 4  0 . 0 8 4  3  .  0 0 2  
- 1  - 1  9 6  1 8  .  9  .  9 7 7  0 . 0 7 1  0 . 0 9 4  3  . 3 5 1  
0  0  9 2  1 5  .  6 . 8 2 1  0 . 0 5 5  0 . 0 8 2  2  .  7 7 1  
1  1  9 5  1 6  .  5  . 0 2 9  0  .  0 4 5  0  .  0 6 7  2  .  3 7 9  
2  2  9 9  1 4  .  4 . 9 2 3  0  .  0 4 9  0 . 0 6 9  2  . 3 5 4  
3  3  8 3  1 5  .  3  . 8 7 4  0 . 0 4 7  0 . 0 6 1  2 . 0 8 8  
4  4  8 2  1 5  .  2  . 9 1 1  0 . 0 3 9  0 . 0 5 1  1 . 8 1 0  
5  5  7 8  1 3  .  2  . 7 4 1  0 . 0 4 4  0 . 0 5 4  1 . 7 5 7  
6  6  7 1  1 1 .  2  . 5 1 3  0 . 0 4 8  0 . 0 5 6  1 . 6 8 2  
7  7  6 0  1 1 .  3 . 5 8 6  0  .  0 5 4  0 . 0 6 5  2  .  0 0 9  
8  8  4 8  1 1 .  3  . 0 1 0  0  .  0 4 7  0 . 0 6 2  1 . 8 4 1  
9  9  3 1  1 0  .  2  . 1 4 3  0 . 0 5 5  0 . 0 5 7  1 . 5 5 3  
1 0  1 0  1 8  8  .  3  . 2 7 5  0  .  0 7 4  0  . 0 7 9  1 . 9 2 0  
1 1  1 1  1 7  6  .  3  . 4 8 0  0  . 1 0 8  0  . 1 1 5  1 . 9 7 9  
1 2  1 2  6  7  .  2  . 6 1 5  0 . 0 8 3  0  . 0 9 7  1 . 7 1 6  
1 3  1 3  5  6  .  2  . 8 5 2  0 , 1 2 8  0 . 1 3 0  1 . 7 9 2  
PERFACT (1.4.9) 12/12/96 15:17:16 
OKLAHOMA1 31-JUL-92 11:41:36 
S T A T I S T I C S  B A S E D  O N  C L A S S E S  O F  I N D I C E S .  
C l a s s  N o . c o n t r i b .  A v  F o  A v  5  ° F o - F c ° »  R  R w  E r r o r  
e e e  2 5 2  1 3  .  5 . 5 5 6  0 . 0 5 4  0  .  0 7 8  2  . 5 0 1  
e e o  2 2 8  1 5  .  5 . 0 4 2  0  .  0 5 8  0  .  0 7 1  2  . 3 8 3  
e o e  2 0 0  1 3  .  4 . 2 4 6  0  .  0 5 5  0  .  0 6 9  2  . 1 8 6  
e o o  2 0 9  1 3  .  4 . 3 4 7  0 . 0 5 8  0  .  0 6 9  2  . 2 1 2  
o e e  2 0 8  1 1 .  3 . 8 6 7  0 . 0 5 4  0  .  0 6 8  2  . 0 8 6  
o e o  1 8 4  1 1 .  4  .  8 4 5  0  .  0 6 0  0  .  0 7 6  2  . 3 3 5  
o o e  2 0 4  1 3  .  4  . 1 7 2  0 . 0 5 2  0  .  0 6 5  2  . 1 6 7  
o o o  2 1 6  1 2  .  5 . 1 2 9  0 . 0 5 2  0  .  0 7 3  2  . 4 0 3  
h  o d d  8 1 2  1 2  .  4 . 5 0 1  0 . 0 5 4  0  .  0 7 0  2  . 2 5 1  
h  e v e n  8 8 9  1 4  .  4  .  8 4 5  0 . 0 5 6  0  .  0 7 2  2  . 3 3 6  
k  o d d  8 2 9  1 3  .  4 . 4 8 3  0 . 0 5 4  0  .  0 6 9  2  . 2 4 7  
k  e v e n  8 7 2  1 3  .  4 . 8 6 9  0 . 0 5 6  0  .  0 7 3  2  . 3 4 1  
1  o d d  8 3 7  1 3  .  4 . 8 4 8  0 . 0 5 7  0  .  0 7 2  2  . 3 3 6  
1  e v e n  8 6 4  1 3  .  4 . 5 1 9  0 . 0 5 4  0  .  0 7 1  2  . 2 5 6  
h + k  o d d  8 0 1  1 2  .  4 . 3 1 1  0 . 0 5 7  0  .  0 7 0  2  . 2 0 3  
h + k  e v e n  9 0 0  1 4  .  5 . 0 1 0  0 . 0 5 4  0  .  0 7 2  2  . 3 7 5  
h + 1  o d d  8 4 9  1 3  .  4 . 3 7 4  0 . 0 5 6  0  .  0 6 8  2  . 2 1 9  
h + 1  e v e n  8 5 2  1 2  .  4 . 9 8 7  0 . 0 5 5  0  .  0 7 4  2  . 3 6 9  
k + 1  o d d  8 1 6  1 3  .  4 . 5 8 5  0 . 0 5 6  0  .  0 7 0  2  . 2 7 2  
k + 1  e v e n  8 8 5  1 2  .  4  .  7 6 9  0 . 0 5 5  0  .  0 7 2  2  . 3 1 7  
h + k + 1  o d d  8 5 2  1 3  .  4 . 5 9 0  0 . 0 5 5  0  .  0 7 0  2  . 2 7 3  
h + k + 1  e v e n  8 4 9  1 3  .  4 . 7 7 2  0  .  0 5 5  0  .  0 7 2  2  . 3 1 8  
a l l  d a t a  1 7 0 1  1 3  .  4 . 6 8 1  0  .  0 5 5  0 . 0 7 1  2  . 2 9 6  
pERFACT (1.4.9) 12/12/96 15:17:16 
0KLAHOMA1 31-JUL-92 11:41:36 
S T A T I S T I C S  B A S E D  O N  W E I G H T I N G  S C H E M E .  E R R O R  V S .  F O B S .  
A v  F o  p = 0  .  0 0  p = 0  .  0 1  p = 0 . 0 2  p = 0  .  0 3  p = 0 . 0 4  p = 0 . 0 5  p = 0 . 0 6  p = 0 . 0 7  p = 0 . 0 8  
5 7  .  1 2  . 6 6 8  7  .  8 5 2  4  . 9 1 1  3  . 4 9 0  2  . 6 8 7  2  . 1 7 8  1 .  8 2 9  1 . 5 7 5  1 . 3 8 2  
3 0  .  6  . 0 7 0  5  . 1 7 0  3  . 8 8 7  2  . 9 8 2  2  . 3 8 3  1 . 9 7 0  1  . 6 7 4  1 . 4 5 3  1 . 2 8 2  
2 2  .  4  . 0 9 2  3  . 7 6 7  3  . 1 3 9  2  . 5 6 7  2  . 1 2 7  1 . 7 9 8  1 . 5 4 9  1 . 3 5 6  1 . 2 0 4  
1 8 .  4  .  0 1 1  3  . 7 5 9  3  . 2 2 0  2  . 6 8 2  2  . 2 4 5  1 . 9 0 8  1 . 6 4 9  1 . 4 4 7  1 . 2 8 6  
1 6  .  3  . 2 7 7  3  .  0 9 7  2  . 6 9 6  2  . 2 7 8  1 . 9 2 5  1 . 6 4 7  1 . 4 3 0  1 . 2 5 8  1 . 1 2 1  
1 4  .  5  . 0 2 4  4  . 7 3 4  4  . 1 0 0  3  . 4 5 0  2  . 9 0 9  2  . 4 8 5  2  . 1 5 5  1 . 8 9 5  1 . 6 8 7  
1 2  .  3  . 7 4 2  3  . 5 7 3  3  . 1 8 3  2  . 7 5 2  2  . 3 7 0  2  . 0 5 5  1 . 8 0 2  1 . 5 9 7  1 . 4 3 0  
1 1 .  3  . 4 5 9  3  . 3 3 3  3  . 0 2 9  2  . 6 7 6  2  . 3 4 6  2  . 0 6 4  1 . 8 3 0  1 . 6 3 6  1 . 4 7 4  
1 0  .  3  . 1 2 6  3  . 0 2 8  2  . 7 9 1  2  . 5 1 0  2  . 2 4 0  2  . 0 0 2  1 . 7 9 7  1  . 6 2 3  1 . 4 7 5  
9 .  2  . 8 6 7  2  .  7 8 7  2  . 5 9 2  2  . 3 5 8  2  . 1 2 9  1 . 9 2 3  1 . 7 4 2  1  . 5 8 5  1 . 4 5 0  
8 .  3  . 5 8 8  3  . 4 8 1  3  . 2 1 9  2  . 9 0 9  2  . 6 1 3  2 . 3 5 2  2  . 1 2 8  1  . 9 3 7  1 . 7 7 3  
7  .  2  . 7 6 6  2  .  7 2 2  2  . 6 0 8  2  . 4 5 9  2  . 3 0 0  2  . 1 4 4  " 1 . 9 9 7  1  . 8 6 2  1 . 7 3 8  
7  .  2  . 5 7 9  2  . 5 4 2  2  . 4 4 3  2  . 3 1 0  2  . 1 6 6  2  . 0 2 4  1 . 8 9 0  1 . 7 6 7  1 . 6 5 5  
6 .  2  . 9 9 5  2  .  9 4 4  2  . 8 1 5  2  . 6 5 0  2  . 4 8 1  2  . 3 2 2  2  . 1 7 5  2  .  0 4 1  1 . 9 2 0  
6 .  2  . 4 0 5  2  . 3 8 0  2  . 3 1 2  2  . 2 1 5  2  . 1 0 5  1 . 9 9 3  1  . 8 8 4  1 . 7 8 1  1 . 6 8 6  
5  .  3  . 0 9 9  3  .  0 5 9  2  .  9 5 3  2  . 8 0 9  2  . 6 5 3  2  . 4 9 9  2  . 3 5 5  2  . 2 2 3  2  . 1 0 3  
5  .  2  . 2 2 8  2  . 2 2 1  2  . 2 0 1  2  . 1 6 8  2  . 1 2 6  2  . 0 7 7  2  . 0 2 3  1 . 9 6 6  1 . 9 0 8  
4  .  1 .  7 5 1  1  .  7 4 7  1  . 7 3 5  1 .  7 1 5  1 . 6 9 0  1 . 6 6 1  1 . 6 2 9  1 . 5 9 6  1 . 5 6 1  
4  .  2  . 1 7 1  2  . 1 6 8  2  . 1 5 7  2  . 1 4 1  2  . 1 1 8  2  . 0 9 1  2  . 0 6 0  2  .  0 2 5  1 . 9 8 8  
3  .  2  . 6 9 8  2  . 6 9 5  2  . 6 8 5  2  . 6 6 8  2  . 6 4 7  2  . 6 2 0  2  . 5 8 9  2  . 5 5 4  2  . 5 1 6  
A v  e r r o r  3 . 7 3 1  3 . 3 5 3  2 . 9 3 4  2 . 5 8 9  2 . 3 1 3  2 . 0 9 1  1 . 9 0 9  1 . 7 5 9  1 . 6 3 2  
A v  d i f f .  1 . 3 2 2  0 . 8 8 7  0 . 5 2 4  0 . 3 1 8  0 . 2 2 7  0 . 1 9 7  0 . 2 2 1  0 . 2 4 6  0 . 2 6 5  
T E S T  F O R  E X T I N C T I O N .  
A  p l o t  o f  i n t e n s i t y ( c a l c )  /  i n t e n s i t y ( o b s )  v e r s u s  i n t e n s i t y ( c a l c )  
w i l l  h a v e  a n  i n t e r c e p t  o f  1 . 0  A n d  a  s l o p e  o f  2 G .  
F r o m  a  l e a s t - s q u a r e s  l i n e  t h r u  t h i s  p l o t  t h e  f o l l o w i n g  w e r e  o b t a i n e d :  
I n t e r c e p t  =  0 . 9 9 9  S l o p e  =  - 3 . 3 5 1 1 E - 0 8  
ERFACT (1.4.9) 12/12/96 15:17:16 
IKLAH0MA1 31-JUL-92 11:41:36 
' A B L E  O F  4 0  W O R S T  R E F L E C T I O N S .  
) E L  =  ° F o - F c '  
N o .  
3 1  
1 4 2  
1 9 1  
3 5  
111 
2 7 4  
2 3 7  
1 9  
2 6  
11 
1 8 0  
1 6 5  
3 4 5  
3 5 3  
1 4 3 5  1 2  
5 1 1  2  
5 0 8  
4 1 6  
2 6 9  
4 0  
5 7 2  
1 0 7 1  
1 6  
1 4 5 8  1 2  
2 1  1  
4 4 3  
3 1 3  
2 0 4  
5 3 9  
6 8 1  
2 0 3  
4 9 9  
2 1 0  
6 
1 7 4  
3 6 9  
2 7 0  
4 5 0  
3 5 9  









































- 1  
- 1  
- 2  
2 
0  
- 6  




- 3  
- 5  
- 7  
- 5  
- 2  
7  
-1 
- 1  
1  
- 2  
8 
- 5  
- 2  
- 2  
- 1  
2 
- 3  
- 2  
- 4  
- 3  
1  
1  
- 1  
F o  
5  
7  




1 3  
1 3  .  
1 3  .  
1 3  
7  .  
5  ,  
4  ,  
28.0 
10 




8 . 6  
7 . 5  
7 . 9  
3 8 . 2  
8 . 7  
2 . 4  
4 . 0  
1 0 . 3  
3 2  . 4  
8 . 2  
1 0  . 4  
5 . 2  
11 
1 7  
7  
2 
- 4  
- 3  
-1 
- 6  
- 6  




F c  s i n O / 1  P h a s e  W e i g h t  D E L  1 ( F )  D E L / f  D E L / F o  W * D E L »  
7 . 4  0 . 1 2 5 0  1 8 0 .  
1 0 . 3  0 . 2 0 7 9  1 8 0 .  
0 . 2 3 0 8  1 8 0 .  
0 . 1 2 7 8  1 8 0 .  














2 3  
8 





- 1  2 2 5 . 4  2 0 0  
-1 3 . 7  
1 3  . 8  
. 6  
6 
. 4  
, 5  
0 . 1 9 2 1  0  
0 . 2 6 0 2  0  
2 4 9 3  1 8 0  
0 
0 
1 6 . 0  0 . 1 0 4 0  
1 6 . 0  0 . 1 1 6 1  0 
0 . 0 9 2 9  1 8 0  
0 . 2 2 6 5  
0 . 2 1 7 9  
0 
0 . 2 8 6 5  
0 . 4 6 1 8  
0 . 3 2 5 2  
0 . 3 2 4 0  1 8 0  
0 . 3 0 0 4  0  
0 . 2 5 7 9  1 8 0  
0 . 1 3 5 2  1 8 0  
0 
0  




9 . 4  0 . 3 3 7 0  0  
5 . 8  0 . 4 1 7 8  0  
4 3 . 1  0 . 0 9 9 2  1 8 0  
1 0 . 8  0 . 4 6 4 3  0  
3 . 8  0 . 1 0 8 1  0  
0 . 3 0 9 0  1 8 0  
0 . 2 7 3 1  0  





2 8  
6 . 8  0 . 3 3 0 8  0 .  
8  .  8  0 . 3 5 7 6  0 .  
4 . 0  0 . 2 3 5 7  1 8 0 .  
1 3 . 3  0 . 3 2 1 6  1 8 0 .  
1 5 . 0  0 . 2 4 0 0  1 8 0 .  
, 6  0 . 0 7 9 4  0 .  
2 . 5  0 . 2 2 4 1  1 8 0 ,  
1 2 . 0  0 . 2 8 9 9  1 8 0 .  
4 9 . 5  0 . 2 5 9 7  1 8 0 .  
1 3 . 1  0 . 3 1 0 4  1 8 0  
1 0 . 7  0 . 2 8 7 7  0  
7 . 3  0 . 2 5 3 6  1 8 0  
3 5 . 8 4  - 1 . 9 5  0 . 1 2 5  1 5 . 7  
2 3 . 3 0  - 2 . 3 8  0 . 1 3 2  1 8 . 0  
4 . 7 3  5 . 1 1  0 . 2 4 9  2 0 . 5  
3 4 . 0 1  - 1 . 8 6  0 . 1 1 7  1 5 . 9  
2 8 . 9 8  - 1 . 7 5  0 . 1 5 1  1 1 . 6  
2 0 . 1 9  - 2 . 0 4  0 . 1 4 6  1 4 . 0  
9 . 0 6  2 . 9 4  0 . 1 9 6  1 5 . 0  
9 . 8 4  - 2 . 7 7  0 . 1 7 7  1 5 . 6  
9 . 5 2  - 2 . 7 6  0 . 1 8 5  1 4 . 9  
1 0 . 2 9  - 2 . 5 2  0 . 1 6 4  1 5 . 4  
2 4 . 4 6  1 . 6 3  0 . 1 3 7  1 1 . 9  
2 6 . 2 7  - 1 . 5 6  0 . 1 5 3  1 0 . 2  
1 5 . 1 9  - 1 . 9 9  0 . 2 3 2  8 . 6  
2 . 5 8  4 . 8 1  0 . 2 7 2  1 7 . 7  
9 . 8 8  2 . 3 0  0 . 2 3 6  9 . 7  
3 . 7 1  3 . 7 4  0 . 3 0 5  1 2 . 3  
1 5 . 7 1  1 . 8 0  0 . 2 1 5  8 . 4  
1 7 . 6 6  - 1 . 6 7  0 . 1 9 6  8 . 5  
2 1 . 4 0  1 . 5 1  0 . 1 6 1  9 . 3  
1 8 . 9 7  - 1 . 6 0  0 . 1 5 2  1 0 . 5  
1 3 . 8 8  - 1 . 8 2  0 . 2 1 9  8 . 3  
1 0 . 3 3  2 . 0 7  0 . 2 6 4  7 . 8  
1 . 6 5  - 4 . 8 8  0 . 1 5 2  3 2 . 0  
9 . 3 2  - 2 . 0 4  0 . 2 7 3  7 . 5  
1 9 . 4 6  - 1 . 4 1  0 . 2 1 2  6 . 6  
9 . 6 1  - 1 . 9 5  0 . 3 0 1  6 . 5  
1 3 . 2 2  1 . 6 6  0 . 1 8 1  9 . 2  
2 . 0 8  4 . 1 5  0 . 2 4 4  1 7 . 0  
1 5 . 6 6  1 . 4 6  0 . 1 8 9  7 . 7  
1 2 . 7 0  1 . 6 2  0 . 1 8 7  8 . 7  
2 3 . 6 7  1 . 1 8  0 . 1 7 4  6 . 8  
1 1 . 0 9  - 1 . 6 8  0 . 1 8 8  9 . 0  
6 . 0 6  2 . 2 5  0 . 2 1 4  1 0 . 5  
0 . 0 5  2 4 . 7 8  0 . 4 6 7  5 3 . 0  
1 8 . 5 2  1 . 2 6  0 . 2 1 4  5 . 9  
8 . 6 3  1 . 8 2  0 . 1 9 9  9 . 2  
0 . 7 7  6 . 0 9  0 . 2 5 3  2 4 . 0  
1 1 . 4 7  - 1 . 5 7  0 . 1 8 2  8 . 6  
1 5 . 9 0  - 1 . 3 2  0 . 1 6 5  8 . 0  
1 9 . 9 2  1 . 1 7  0 . 1 4 5  8 . 0  
0 . 3 5 6  1 3 6 . 9 2  
0 . 3 0 1  1 3 2 . 0 6  
0 . 2 6 5  1 2 3 . 4 8  
0 . 3 0 0  1 1 7 . 7 8  
0 . 3 3 3  8 8 . 5 2  
0 . 2 4 5  8 4 . 4 1  
0 . 2 2 0  7 8 . 2 4  
0 . 2 0 9  7 5 . 3 4  
0 . 2 0 8  7 2 . 5 5  
0 . 1 9 0  6 5 . 2 2  
0 . 2 2 2  6 5 . 1 2  
0 . 2 6 3  6 4 . 2 7  
0 . 4 1 4  6 0 . 4 1  
0 . 1 7 2  5 9 . 7 7  
0 . 2 1 9  5 2 . 1 0  
0 . 1 7 8  5 1 . 7 9  
0 . 2 8 5  5 0 . 6 5  
0 . 2 5 6  4 9 . 2 7  
0 . 2 1 3  4 8 . 7 1  
0 . 1 8 7  4 8 . 3 5  
0 . 2 4 1  4 5 . 8 9  
0 . 2 6 2  4 4 . 0 8  
0 . 1 2 8  3 9 . 2 4  
0 . 2 3 3  3 8 . 7 1  
0 . 5 7 9  3 8 . 7 0  
0 . 4 9 1  3 6 . 6 1  
0 . 1 6 1  3 6 . 3 4  
0 . 1 2 8  3 5 . 8 5  
0 . 1 7 7  3 3 . 2 7  
0 . 1 5 6  3 3 . 2 2  
0 . 2 2 6  3 3 . 0 6  
0 . 1 4 4  3 1 . 4 1  
0 . 1 3 1  3 0 . 8 1  
0 . 1 1 0  2 9 . 8 8  
0 . 3 3 7  2 9 . 3 9  
0 . 1 3 2  2 8 . 5 2  
0 . 1 0 9  2 8 . 4 4  
0 . 1 3 5  2 8 . 1 0  
0 . 1 4 1  2 7 . 6 7  
0 . 1 3 8  2 7 . 2 1  













































V )  

V( I)2 + (pF2)2 ) 
w  i n  \ o  w  i n  V O  
to 
w  
o  as 
$ S 
o  
C A  
w  
C/5 
3 3  
^ \0 4ik 
W  *  
to 
| (£w( | Fo | - | Fc | )2) / (nobs-nvar) | % 
o 
NO N O  
t o  
NO 
w  
NO ^ 0  
c n  
NO 
O N  
NO 












(Xw( | Fo | - | Fc | )2) / (nobs-nvar) | Vz 
o 
vO vO 
t o  
VO 
w  
\ 0  
4 *  
vO 
0 1  
VO 
0 v  
vO 









O I  
I  to 
0 ©  
p f f Q f f i U  i  
CD 
H  












fvl. B. Tosscn biaott heritage Uetuef 
x. Langstors University 







The cyclohexanone ring adopts a chair conformation with the methyl and acrylyl groups 
in axial and equatorial positions respectively. The dihedral angle between the two mean planes 
is 73°, which is nearly perpendicular, and a least-square plane calculation indicates that the rings 
are not individually planar. Following the Cremer and Pople notation (1975), the ring puckering 
parameters for the cylohexanone ring are Q2 = 0.1553 A and 02 = +78.1 A The angles around 
C(10), the spiro carbon, are 110.5°, 106.6°, 111.4°, 104.8°,110.3°and 113.0° which are all nearly 
tetrahedral. Two of the three of the largest angles around C(10) are endocylic. O(4)-C(10)-O(5) 
and O(5)-C(10)-C(9) have values of 110.5° and 110.3 ° respectively. These exceed the normal 
sp3 values due to the strain of bonding to the oxygens within the compression of the ring system. 
The largest angle is on C(9) due to the strain of the methyl and acrylyl groups bonded at the 
C(5) atom. The two oxygens are in the axial position (with respect to the opposite ring). The 
atoms C(15) and C(16) are respectively equatorial and axiaL The acryly group (0(1)-C(1)-C(2) 
has its derealization more distributed over the three bonds. Therefore, the bond distance 
between 0(2) and C( 1) (1.224 A) is closer to those observed in aldehydes, ketones and a-oxalic 
acid. The C(l)-C(2) bond correlates to those observed in analog derivatives. The diagram of the 
molecule on the following page illustrates the structure. 
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